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Executive Summary 

This document presents recommended code changes that the California Energy 

Commission will be considering for adoption in 2021. If you have comments or 

suggestions prior to the adoption, please email info@title24stakeholders.com. 

Comments will not be released for public review or will be anonymized if shared.  

Introduction 

The Codes and Standards Enhancement (CASE) Initiative presents recommendations 

to support the California Energy Commissionôs (Energy Commission) efforts to update 

the California Energy Code (Title 24, Part 6) to include new requirements or to upgrade 

existing requirements for various technologies. Three California Investor Owned Utilities 

(IOUs) ï Pacific Gas and Electric Company (PG&E), San Diego Gas and Electric, 

Southern California Edison ï and two Publicly Owned Utilities ï Los Angeles 

Department of Water and Power, and Sacramento Municipal Utility District (herein 

referred to as the Statewide CASE Team when including the CASE Author) ï 

sponsored this effort. The program goal is to prepare and submit proposals that would 

result in cost-effective enhancements to improve energy efficiency and energy 

performance in California buildings. This report and the code change proposals 

presented herein are a part of the effort to develop technical and cost-effectiveness 

information for proposed requirements on building energy-efficient design practices and 

technologies. 

The Statewide CASE Team submits code change proposals to the Energy Commission, 

the state agency that has authority to adopt revisions to Title 24, Part 6. The Energy 

Commission will evaluate proposals submitted by the Statewide CASE Team and other 

stakeholders. The Energy Commission may revise or reject proposals. See the Energy 

Commissionôs 2022 Title 24 website for information about the rulemaking schedule and 

how to participate in the process: https://www.energy.ca.gov/programs-and-

topics/programs/building-energy-efficiency-standards/2022-building-energy-efficiency.  

The overall goal of this CASE Report is to present a code change proposal for an all-

electric compliance pathway for multifamily buildings. The report contains pertinent 

information supporting the code change.  

  

mailto:info@title24stakeholders.com
https://www.energy.ca.gov/programs-and-topics/programs/building-energy-efficiency-standards/2022-building-energy-efficiency
https://www.energy.ca.gov/programs-and-topics/programs/building-energy-efficiency-standards/2022-building-energy-efficiency
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Measure Description 

Background Information 

This CASE Report proposes prescriptive and performance compliance pathways for all-

electric multifamily buildings that use high efficiency electric appliances for all regulated 

and non-regulated end uses. This topic builds on the 2019 Title 24, Part 6 prescriptive 

requirements for low-rise residential buildings that allow individual heat pump water 

heaters and heat pump space heating in both the prescriptive approach as well as 

standard systems in the performance approach. The limitation of 2019 Title 24, Part 6 is 

that the electric systems are part of a dual baseline approach where the baseline 

system mirrors the fuel of choice for the proposed design. Thus, a building with a 

proposed electric space heating and water heating system would be compared to a 

standard building with electric space and water heating, but if the proposed building 

uses natural gas, the standard design will use natural gas-based systems as well. 

Another limitation is that electric water heating as a baseline is only available for 

multifamily buildings with individual water heaters, while the dual baseline option for 

heating ventilation and air conditioning (HVAC) is available only for low-rise multifamily 

buildings. 2019 Title 24, Part 6 Standards do not address central water heating for both 

low-rise and high-rise residential buildings. 2019 Title 24, Part 6 also does not address 

electric HVAC and non-regulated end uses such as appliances and plug loads for mid-

rise and high-rise residential buildings.  

Local jurisdictions and efficiency advocates, including the building decarbonization 

groups, are increasingly proposing all-electric multifamily buildings in California. As of 

March 2020, 29 local jurisdictions have adopted or proposed local óreachô codes that 

exceed the 2019 Title 24, Part 6 Standards with a specific goal of promoting 

decarbonization through building electrification (Building Decarbonization Coalition 

2020). These reach codes are reacting to the need to adjust energy policies and 

building construction practices with the fact that the stateôs electricity generation, 

distribution, and consumption results in lower greenhouse gas and carbon emissions 

than those from mixed-fuel buildings that use natural gas for heating, water heating, and 

other end uses.  

Decarbonization is now the stated policy goal for the state as enshrined in Assembly Bill 

32 (AB-3232 Zero-emissions buildings and sources of heat energy 2018), Senate Bill 

350 (Clean Energy and Pollution Reduction Act - SB 350 2019), and the 2019 

Integrated Energy Policy Report (IEPR) (CEC 2019). Whereas the previous iterations of 

IEPR primarily supported Zero Net Energy (ZNE) goals for buildings to meet the stateôs 

energy targets, the recent IEPR makes a direct connection to building decarbonization 

as the means to meet the stateôs overall climate change mitigation goals.  
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Several local, regional, national, and international organizations, including the Natural 

Resources Defense Council (NRDC), have embraced decarbonization strategies and 

through their grassroots and policy advocacy work have supported building 

electrification efforts across the state. Designers and engineers are increasingly 

adopting and supporting building electrification in multifamily buildings as the Statewide 

CASE Team outlines further in this reportôs market assessment section.  

During the open comment period for the Draft CASE Report, many stakeholders have 

submitted letters to support adoption of an all-electric code in the 2022 Title 24, Part 6 

code. Appendix F includes a list of stakeholders. 

A recent study completed by TRC for PG&E ï Multifamily Market Analysis ï showed 

that heat pumps are the system of choice for space heating and water heating in 

multifamily new construction (TRC 2018).  

Proposed Code Change 

This CASE Report proposes prescriptive and performance compliance pathway(s) for 

all-electric multifamily buildings that use electric appliances for regulated and non-

regulated end uses. This topic builds on the 2019 Title 24, Part 6 Standards that allow a 

dual baseline strategy wherein electrically space- and water-heated buildings are 

compared to a code minimum electrically space- and water-heated building whereas a 

building with natural gas based systems for heating and water heating is compared to a 

code minimum natural gas-based systems. The limitation to 2019 Title 24, Part 6 is that 

this dual baseline is only available for buildings with individual heat pump water heaters 

and only available to low-rise multifamily buildings. The 2019 Title 24, Part 6 Standards 

do not address central water heating for both low-rise and high-rise residential buildings. 

2019 Title 24, Part 6 also does not address electric HVAC and non-regulated end uses 

such as appliances and plug loads for mid-rise and high-rise residential buildings.  

The Statewide CASE Team investigated suitable strategies for achieving all-electric, 

including electric heat pump HVAC systems, heat pump water heating (HPWH) 

systems, building envelope improvements, appliances and miscellaneous load, as well 

as on-site renewables.  

The Statewide CASE Team analyzed two packages for the all-electric HVAC 

submeasure: 

¶ Package A: Combined all-electric HVAC plus Central HPWH 

¶ Package B: Combined all-electric HVAC plus energy efficiency measures. The 

energy efficiency measures included in this package are: 

- Fenestration u-factor and solar heat gain coefficient (SHGC) and wall u-factor 

requirements. The fenestration and wall u-factor requirements are presented in 

a separate CASE Report (Multifamily Restructuring CASE Report 2020), and 
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incorporated into this CASE Report for completeness of the all-electric 

proposal.  

- Photovoltaic requirement for Climate Zone 16 only.  

The Statewide CASE Team developed the all-electric HVAC code change language 

based on cost effectiveness analysis of Package B. 

The proposed measure includes the following changes for new construction multifamily 

buildings:  

¶ Prescriptively require the use of electric space heating for mid-rise and high-

rise multifamily buildings. The standard package would include the electric 

HVAC system (single zone ducted heat pump (SZHP)), plus energy efficiency 

measures.  

¶ Prescriptive alternate pathway for central HPWH. The current 2019 Title 24 

prescriptive alternate pathway for individual HPWH will be retained. 

¶ For the performance pathway, standard HVAC systems to be electric single 

zone ducted heat pump (SZHP) for mid-rise and high-rise multifamily buildings 

and standard DHW system be a central HPWH system if proposed design uses 

central electric water heating OR the standard DHW system be an individual 

HPWH system if proposed design uses individual HPWH in multifamily 

buildings. 

o For HVAC system, regardless of the proposed system fuel type, the 

standard design shall include a package combining single zone ducted 

heat pump (SZHP) and energy efficiency measures. The electric single 

zone ducted heat pump (SZHP) would have minimum efficiency levels 

meeting applicable state and federal appliance standards.  

o For central DHW system, standard system fuel type is the same as the 

proposed design. Proposed designs using natural gas equipment would 

retain a gas standard, whereas proposed designs with electric 

equipment would be compared to a standard using central HPWH 

equipment.  

¶ For individual DHW systems, retain the current 2019 Title 24 requirements. 

¶ Modified appliances and miscellaneous electric load (MEL) modeling rulesets 

in CBECC-Com for mid-rise and high-rise multifamily dwelling units to match 

existing requirements for low-rise residential buildings in 2019 Title 24, Part 6 

rulesets in CBECC-Res. 

The proposed measure does not apply to alterations or additions.  

The proposed code change would modify the following compliance documents.  

For the DHW prescriptive compliance approach, the proposed code change would add 

a table to an existing or create a new Worksheet (CR1R-PLB). 
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For prescriptive HVAC change, update the NRCC-MCH-E to remove gas space heating 

option for high-rise residential buildings. Minor updates may be needed in CF1R-NCB-

01-E accordingly. 

The proposed changes would also require updates to the following compliance forms: 

¶ CF2R-PLB-01a-NonHERS-MultifamilyCentralHotWaterSystemDistribution 

¶ CF2R-PLB-21a-HERS-MultifamilyCentralHotWaterSystemDistribution 

¶ CF3R-PLB-21a-HERS-MultifamilyCentralHotWaterSystemDistribution 

¶ NRCI-PLB-02-HighRiseResHotelMotel-MultifamilyCentral-HWSystemDistribution 

¶ NRCI-PLB-21-HERS-HighRiseResHotelMotel-MultifamilyCentral-

HWSystemDistribution 

¶ NRCV-PLB-21-HERS-HighRiseResHotelMotel-MultifamilyCentral-

HWSystemDistribution 

Minor updates may be needed in CF1R-PRF-E and NRCC-PRF-E accordingly. 

The proposed code change would add descriptions and data fields for the field testing 

and visual inspection of central HPWH systems. 

Examples of the revised document are presented in Section 7.6.  

Scope of Code Change Proposal 

Table 1 summarizes the scope of the proposed changes and which sections of the 

Standards, Reference Appendices, Alternative Calculation Method (ACM) Reference 

Manual, and compliance documents that would be modified as a result of the proposed 

change(s). 
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Table 1: Scope of Code Change Proposal 

Measure 
Name 

Type of 
Requirement 

Modified 
Section(s) of 
Title 24, Part 6 

Modified 
Title 24, 
Part 6 
Appendices 

Would 
Compliance 
Software Be 
Modified 

Modified 
Compliance  
Document(s) 

Central HPWH 
for Low-rise, 
Mid-rise and 
High-rise MF 

Prescriptive 
Alternate Path 

 

Performance 
Path Baseline 
System 

Section 150.1(c) 
8 

 

 

Residential 
ACM Section 
2.9.3 Multiple 
Dwelling Units 

New JA 14 
RA 3.6.x 

Yes CF1R-PLB 
Worksheet,  

CF1R-NCB-01-E,  

CF1R-PRF-01-E,  

CF2R-PLB-01a,  

CF2R-PLB-21a,  

CF3R-PLB-01a,  

NRCC-PRF-01-E,  

NRCC-PLB-E,  

NRCI-PLB-02,  

NRCI-PLB-21,  

NRCV-PLB-21 

Electric Space 
Heating for 
Mid-rise and 
High-rise MF 

Performance 
Path Baseline 
System 

 

Prescriptive 
Requirement  

Nonresidential 
ACM Section 
5.1.2 

 

Section 140.4,  

New Section 
140.10 and 
Table 140.3 - C 

N/A Yes CF1R-NCB-01-E, 
NRCC-ENV-E, 

NRCC-MCH-E, 
CF2R-ENV-01 

CF2R-ENV-02 

 

 

 

Appliances and 
Plug Loads for 
Mid-rise and 
High-rise MF 

Nonresidential 
ACM Change 

Nonresidential 
ACM 

N/A  Yes NRCC-PRF-01-E 

Market Analysis and Regulatory Assessment 

For mid- and high-rise residential buildings (four stories or more), the performance 

pathway under 2019 Title 24, Part 6 code uses mixed fueled HVAC system as the 

baseline (CEC 2019). The California Energy Commission has proposed changes to the 

current 2019 Title 24, Part 6 code nonresidential ACM to use the following equipment as 

baseline HVAC systems: 

¶ For mid-rise residential buildings (four to seven stories): the baseline system is 

single zone constant volume direct expansion air conditioner (Split Dx) with 

furnace 

¶ For high-rise residential buildings (eight stories or more): the baseline system is 

Split Dx with furnace.  



2022 Title 24, Part 6 Final CASE Report ï 2022-MF-AEP-F | 20 

The Statewide CASE Team uses these proposed baseline systems as the basis of this 

CASE analysis for mid-rise and high-rise multifamily buildings respectively.  

For low-rise multifamily buildings, 2019 Title 24, Part 6 code uses electric heat pumps 

when the proposed system is an electric water heating system when it serves individual 

dwelling units, or when the electric heat pump water heater serves up to eight dwelling 

units with no recirculating loops or pumps.  

On Dec 19, 2019, the Energy Commission provided an Executive Directive that allows 

central HPHW systems that meet specified installation criteria in addition to solar 

thermal or PV installation requirements to show compliance to 2019 Title 24, Part 6 

(California Energy Commission 2019). 

As of March 2020, 29 local jurisdictions have adopted local ordinances (Building 

Decarbonization Coalition 2020) that encourage or require the use of electric space 

heating and water heating in residential and/or nonresidential applications.  

The U.S. Department of Energy (U.S. D.O.E.) has federal minimum efficiency 

requirements for DHW and HVAC equipment specified in the Code of Federal 

Regulations at 10 CFR 430.32(d) (Code of Federal Regulations 2020). Efficiency varies 

with the equipment class and the equipment capacity.  

Minimum efficiency for heat pump water heaters with rated storage volume less than 

120 gallons are specified in the Code of Federal Regulations at 10 CFR 430.32(d), see 

Table 5. While some of the heat pump water heaters falling into the regulated category 

(less than 120 gallons) can be used for central water heater design, the proposed 

measure does not require HPWHs that fall into this category, thus the proposal does not 

trigger preemption. 

There is no federal efficiency standard for commercial size HPWHs, as defined by 10 

CFR 431.102. 

The Statewide CASE Team reviewed 103 buildings that installed an electric HVAC 

system from data provided by Stakeholders. Most of the buildings (49) had individual 

single zone ducted heat pump (SZHP) system in the residential units. Other HVAC 

systems used include ductless heat pump systems, water source heat pumps, 

packaged terminal heat pumps (PTHP), electric baseboard heating, electric resistance 

heating, and variable refrigerant flow (VRF) systems. Figure 1 shows the HVAC 

systems used as a function of the number of stories in a building. Ducted air source 

heat pump systems are most common for most of the number of stories. The electric 

resistance heating was found only in affordable housing projects where cooling was not 

installed because of the mild climate.  

http://www.ecfr.gov/cgi-bin/text-idx?SID=80dfa785ea350ebeee184bb0ae03e7f0&mc=true&node=se10.3.430_132&rgn=div8
http://www.ecfr.gov/cgi-bin/text-idx?SID=80dfa785ea350ebeee184bb0ae03e7f0&mc=true&node=se10.3.430_132&rgn=div8
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Figure 1: Electric HVAC system type by number of stories. 

Source: Project Based Data. 

The Statewide CASE Team reviewed the product availability of split heat pumps, 

PTHPs, and VRF systems relative to federal and state required minimum efficiency 

levels. To review product availability of split heat pumps and packaged terminal heat 

pumps, the Statewide CASE Team used the Modernized Appliance Efficiency Database 

System (MAEDbS), which shows appliances compliant under Title 20. Since VRF 

systems were not listed in the MAEDbS, the Statewide CASE Team collected VRF 

system information from manufacturer websites. About 95 percent of split heat pumps 

and PTHP about 80 percent of VRF systems were at or above federal minimum 

efficiency levels indicating considerable market availability of higher efficiency products 

if desired. Detailed product availability analysis is provided in Appendix H. 

To review current practices of electric DHW systems, the Statewide CASE Team 

analyzed buildings with electric DHW systems from the Project Based Data provided by 

stakeholders.1 There were eighty-six buildings with electric DHW systems. Buildings 

either used a heat pump or electric storage DHW system with the majority (80) of 

systems using a heat pump. Since an electric resistance storage DHW system is less 

 

1 Project information was collected using a combination of the following approaches: interview, survey, 

design drawing review and Title 24 compliance document review. Data source include projects from 

Association for Energy Affordability (AEA), Frontier Energy, Redwood Energy, EHDD, Gabel Energy, 

Build it Green, Mithun, CMFNH program. Note that there is a self-selection bias in the dataset since data 

was volunteered by project teams and as a result most projects are in Northern California. 
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energy efficient, the market analysis focused on heat pump water heating systems. 

Figure 2 shows distribution types of the heat pump water heater systems installed in 

these projects.  

 

Figure 2: DHW distribution types of heat pump water heater systems. 

Source: Project Based Data. 

Based on review of product literature, interviews with industry practitioners and 

manufacturers, and individual central HPHW project experience, the Statewide CASE 

Team has segmented HPWH equipment into three categories: integrated HP + Tank, 

split HP ï water loop, and standalone HP. Figure 12 shows the number of models 

available for each of the categories at various HPWH capacity ranges. The analysis 

includes HPWH products that are currently available in the California market and 

products that are currently available internationally but with confirmation from 

manufacturers that they will be available in California in the near future.  
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Figure 3: Heat pump water heater configuration types and capacity range. 

Source: Project Based Data. 

As part of the CASE research, the Statewide CASE Team evaluated whether the plug 

load calculations needed to be further modified to account for the emergence of new 

appliance technologies. Currently, neither the residential nor commercial modeling 

methodologies account for the impact of choosing emerging appliance technologies like 

induction ranges and heat pump dryers. Details of the analysis are presented in Section 

3 and in Appendix I. The statewide CASE Team recommends no change to the 

residential ACM reference manual but recommends that the Nonresidential ACM 

reference manual be updated to match the residential ACM reference manual for 

multifamily dwelling unit appliances and plug loads.  

Cost Effectiveness  

This measure proposes alternate pathways to existing prescriptive requirements for 

electric equipment rather than mandatory or prescriptive requirements for all multifamily 

buildings. Cost analysis is not required because the measure does not change baseline 

level of stringency. The Statewide CASE Team has provided information about the cost 

effectiveness of the measure even though the Energy Commission does not require a 

cost-effectiveness analysis for the measure to be adopted.  

According to the Energy Commissionôs definitions, a measure is cost effective if the 

benefit-to-cost (B/C) ratio is greater than 1.0. The B/C ratio is calculated by dividing the 

cost benefits realized over 15/30 years by the total incremental costs, which includes 

maintenance costs for 15/30 years. The B/C ratio was calculated using 2023 PV 
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projected costs and cost savings. HVAC savings are calculated over 15 years whereas 

Central HPWH savings are calculated over 30 years.  

See Section 4.3.4 for the methodology, assumptions, and results of the cost-

effectiveness analysis.  

Statewide Energy Impacts: Energy, Water, and Greenhouse Gas (GHG) 
Emissions Impacts 

The Statewide CASE Team calculated the first-year statewide savings for new 

construction by multiplying the per-unit savings, which are presented in Section 4.3, by 

assumptions about the percentage of newly constructed buildings that would be 

impacted by the proposed code. The statewide new construction forecast for 2023 is 

presented in Appendix A:  as are the Statewide CASE Teamôs assumptions about the 

percentage of new construction that would be impacted by the proposal (by climate 

zone and building type). 

The first-year energy impacts represent the first-year annual savings from all buildings 

that were completed in 2023. The 15/30-year energy cost savings represent the energy 

cost savings over the entire 15/30-year analysis period. The statewide savings 

estimates do not take naturally occurring market adoption or compliance rates into 

account.  

SZHP measure results in increase in first year electricity consumption and electric TDV 

energy use, which is more than offset by decrease in first year natural gas usage and 

natural gas TDV energy use. The net result is a decrease in the 15-year present valued 

energy costs in most climate zones.  

Central HPWH measure results in increase in first year electricity consumption and 

electric TDV energy use, however, these are more than offset by decrease in first year 

natural gas usage and natural gas TDV energy use. The net result is a decrease in the 

30-year present valued energy costs in all climate zones. 

Combined result of the two measures ï SZHP and Central HPWH ï shows that there is 

an overall increase in electric energy use, but it is more than offset by the decrease in 

natural gas energy use. The net result is an overall decrease in present value energy 

costs.  

Combined result of the SZHP with other efficiency measures (window u-factor and 

SHGC, wall u-factor) shows that there is an overall increase in electric energy use, but it 

is more than offset by the decrease in natural gas energy use. The net result is an 

overall decrease in present value energy costs.  

Table 2 presents the estimated energy and demand impacts of the proposed code 

change that would be realized statewide during the first 12 months that the 2022 Title 
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24, Part 6 requirements are in effect. First-year statewide energy impacts are 

represented by the following metrics: electricity use increases in gigawatt-hours per 

year (GWh/yr), peak electrical demand increase in megawatts (MW), natural gas 

savings in million therms per year (million therms/yr), and time dependent valuation 

(TDV) energy savings in kilo British thermal units per year (TDV kBtu/yr). 

Table 2: First-Year Statewide Energy and Impacts ï New Construction 

Measure Electricity 
Increase 
(GWh/yr) 

Peak 
Electrical 
Demand 
Increase 

(MW) 

Natural 
Gas 

Savings 

(million 
therms/yr) 

TDV Energy 
Savings  

(TDV kBtu/yr) 

SZHP  
(MidRiseMixedUse, 
HighRiseMixedUse over 15 years) 

2.67 0.00 0.35  17,111,377  
 

Central HPWH  
(LowRiseGarden, LoadedCorridor, 

MidRiseMixedUse, 
HighRiseMixedUse over 30 years) 

6.37 4.96 0.80 81,732,392 

Combined SZHP + Central HPWHa 
(MidRiseMixedUse, 
HighRiseMixedUse over 30 years)a 

7.3 2.8 1.0 90,474,144 
 

Combined SZHP + Energy 
Efficiency Measures 
(MidRiseMixedUse, 
HighRiseMixedUse over 30 years)b 

7.5 0.03 1.3  182,907,800  

a. Combined SZHP + Central HPWH measure impact is lower than Central HPWH measure alone 
because the combined DHW + Central HPWH measure only applies to mid-rise and high-rise 
prototypes, while the Central HPWH measure applies to four multifamily prototypes. 

b. Combined SZHP + Energy Efficiency Measure package, as the prescriptive requirement, assumes 
100 percent of the mid-rise and high-rise multifamily buildings in California will be impacted.   

Table 3 presents the estimated avoided GHG emissions associated with the proposed 

code change for the first year the standards are in effect. Avoided GHG emissions are 

measured in metric tons of carbon dioxide equivalent (Metric Tons CO2e).  
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Table 3: First-Year Statewide GHG Emissions Impacts 

Measure 

Avoided GHG 
Emissions 

(Metric Tons 
CO2e/yr) 

Monetary Value 
of Avoided GHG 

Emissions 

($2023) 

SZHP  
(MidRiseMixedUse, HighRiseMixedUse over 15 years) 

1,257    $133,493  

Central HPWH  
(LowRiseGarden, LoadedCorridor, MidRiseMixedUse, 
HighRiseMixedUse over 30 years) 

2,810  $298,422  

Combined SZHP + Central HPWH 
(MidRiseMixedUse, HighRiseMixedUse over 30 years)a 

3,458  $367,240  

Combined SZHP + Energy Efficiency Measures 
(MidRiseMixedUse, HighRiseMixedUse over 30 years)b 

5,283  $561,055  

a. Combined SZHP + Central HPWH measure impact is lower than Central HPWH measure alone 
because the combined DHW + Central HPWH measure only applies to mid-rise and high-rise 
prototypes, while the Central HPWH measure applies to four multifamily prototypes. 

b. Combined SZHP + Energy Efficiency Measure package assumes 100 percent of the mid-rise and 
high-rise multifamily buildings in California will be impacted.   

Assumptions used in developing the GHG savings are provided in Section 6.2 and 

Appendix C:  of this report. The monetary value of avoided GHG emissions is included 

in TDV cost factors and is thus included in the cost-effectiveness analysis.  

Water and Water Quality Impacts 

The proposed measure is not expected to have any impacts on water use or water 

quality, excluding impacts that occur at power plants. 

Compliance and Enforcement 

Overview of Compliance Process 

The Statewide CASE Team worked with stakeholders to develop a recommended 

compliance and enforcement process and to identify the impacts this process would 

have on various market actors. Section 2.5 describes the compliance process. Section 

3.1.3 and Appendix E:  describe impacts that the proposed measure would have on 

market actors. The key issues related to compliance and enforcement are:  

¶ Specification of space heating systems to meet or exceed the energy efficiency 

of ducted heat pump systems meeting federal appliance standard mandated 

energy efficiency 
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¶ Specification of central water heating systems to meet or exceed the energy 

efficiency of central heat pump water heating (central HPWH) baseline system 

when the proposed system uses electricity  

¶ Field verification of central HPWH system 

Field Verification and Diagnostic Testing 

The central HPWH measure would require field verification and diagnostic testing. 

Please refer to Section 2.5 for additional information. 
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1. Introduction 
This document presents recommended code changes that the California Energy 

Commission will be considering for adoption in 2021. If you have comments or 

suggestions prior to the adoption, please email info@title24stakeholders.com. 

Comments will not be released for public review or will be anonymized if shared.  

The Codes and Standards Enhancement (CASE) initiative presents recommendations to 

support the California Energy Commissionôs (Energy Commission) efforts to update 

California Energy Code (Title 24, Part 6) to include new requirements or to upgrade 

existing requirements for various technologies. The three California Investor Owned 

Utilities (IOUs) ï Pacific Gas and Electric Company (PG&E), San Diego Gas and 

Electric, Southern California Edison ï and two Publicly Owned Utilities ï Los Angeles 

Department of Water and Power, and Sacramento Municipal Utility District (herein 

referred to as the Statewide CASE Team when including the CASE Author) ï sponsored 

this effort. The program goal is to prepare and submit proposals that would result in cost-

effective enhancements to improve energy efficiency and energy performance in 

California buildings. This report and the code change proposal presented herein are a 

part of the effort to develop technical and cost-effectiveness information for proposed 

requirements on building energy-efficient design practices and technologies. 

The Statewide CASE Team submits code change proposals to the Energy Commission, 

the state agency that has authority to adopt revisions to Title 24, Part 6. The Energy 

Commission will evaluate proposals submitted by the Statewide CASE Team and other 

stakeholders. The Energy Commission may revise or reject proposals. See the Energy 

Commissionôs 2022 Title 24 website for information about the rulemaking schedule and 

how to participate in the process: https://www.energy.ca.gov/programs-and-

topics/programs/building-energy-efficiency-standards/2022-building-energy-efficiency.  

The overall goal of this CASE Report is to present a code change proposal for an all-

electric compliance pathway for multifamily buildings. The report contains pertinent 

information supporting the code change. 

When developing the code change proposal and associated technical information 

presented in this report, the Statewide CASE Team worked with a number of industry 

stakeholders including manufacturers, designers, Title 24 energy analysts, and others 

involved in the code compliance process. The proposal incorporates feedback received 

during a public stakeholder workshop that the Statewide CASE Team held on 

September 10, 2019, and March 17, 2020.  

The following is a brief summary of the contents of this report:  

¶ Section 2 ï Measure Description of this CASE Report provides a description of 

the measure and its background. This section also presents a detailed 

mailto:info@title24stakeholders.com
https://www.energy.ca.gov/programs-and-topics/programs/building-energy-efficiency-standards/2022-building-energy-efficiency
https://www.energy.ca.gov/programs-and-topics/programs/building-energy-efficiency-standards/2022-building-energy-efficiency
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description of how this code change is accomplished in the various sections and 

documents that make up the Title 24, Part 6 Standards. 

¶ Section 3 ï In addition to the Market Analysis section, this section includes a 

review of the current market structure. Section 3.1.2 describes the feasibility 

issues associated with the code change, including whether the proposed 

measure overlaps or conflicts with other portions of the building standards, such 

as fire, seismic, and other safety standards, and whether technical, compliance, 

or enforceability challenges exist.  

¶ Section 4 ï Energy Savings presents the per-unit energy, demand reduction, and 

energy cost savings associated with the proposed code change. This section 

also describes the methodology that the Statewide CASE Team used to estimate 

per-unit energy, demand reduction, and energy cost savings. 

¶ Section 5 ïThis section includes a discussion and presents analysis of the 

materials and labor required to implement the measure and a quantification of 

the incremental cost. It also includes estimates of incremental maintenance 

costs, i.e., equipment lifetime and various periodic costs associated with 

replacement and maintenance during the period of analysis.  

¶ Section 6 presents the statewide energy savings and environmental impacts of 

the proposed code change for the first year after the 2022 code takes effect. This 

includes the amount of energy that would be saved by California building owners 

and tenants and impacts (increases or reductions) on material with emphasis 

placed on any materials that are considered toxic by the state of California. 

Statewide water consumption impacts are also reported in this section. 

¶ Section 7 ï Proposed Revisions to Code Language concludes the report with 

specific recommendations with strikeout (deletions) and underlined (additions) 

language for the Standards, Reference Appendices, Alternative Calculation 

Method (ACM) Reference Manual, Compliance Manual, and compliance 

documents.  

¶ Section 8 ï Bibliography presents the resources that the Statewide CASE Team 

used when developing this report. 

¶ Appendix A: Statewide Savings Methodology presents the methodology and 

assumptions used to calculate statewide energy impacts. 

¶ Appendix B: Embedded Electricity in Water Methodology presents the 

methodology and assumptions used to calculate the electricity embedded in 

water use (e.g., electricity used to draw, move, or treat water) and the energy 

savings resulting from reduced water use. 

¶ Appendix C: Environmental Impacts Methodology presents the methodologies 
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and assumptions used to calculate impacts on GHG emissions and water use 

and quality. 

¶ Appendix D: California Building Energy Code Compliance (CBECC) Software 

Specification presents relevant proposed changes to the compliance software (if 

any).  

¶ Appendix E: Impacts of Compliance Process on Market Actors presents how the 

recommended compliance process could impact identified market actors. 

¶ Appendix F: Summary of Stakeholder Engagement documents the efforts made 

to engage and collaborate with market actors and experts. 

¶ Appendix G: Basis of Design for the Cost-Effectiveness Analysis provides details 

on the system design options used to develop energy savings and installation 

and maintenance costs.  

¶ Appendix H: Heat pump product availability analysis provides analysis of heat 

pump products available in the market and how they relate to federal and 

California appliance standards 

¶ Appendix I: Central Heat Pump Water Heater Case Studies provides design 

strategies, field measured performance data and lessons learned from two recent 

projects to use central heat pump water heating (central HPWH) systems 

¶ Appendix J: Manufacturer Code Requirement Review Interview Questions 

provides survey questions used to solicit inputs from heat pump water heater 

manufacturers 

¶ Appendix K: NRDC Memo to Energy Commission on multifamily all-electric 

baseline in 2019 ACM summarizes work done by the statewide CASE Team in 

coordination with NRDC and several stakeholders to outline issues and potential 

solutions for all-electric multifamily compliance with 2019 Title 24, Part 6 with an 

eye towards addressing those issues in 2022 Title 24 CASE updates. 

¶ Appendix L: Review and Appliances and Miscellaneous Loads in Multifamily 

Buildings provides results from a literature review and data collection for 

appliances and plug loads relevant to electrification strategies. 

¶ Appendix M: Nominal Savings Tables presents the energy cost savings in 

nominal dollars by building type and climate zone. 
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2. Measure Description  

2.1 Measure Overview 

This CASE Report proposes prescriptive and performance compliance pathway(s) for 

all-electric multifamily buildings that use electric appliances for regulated and non-

regulated end uses. This topic builds on the 2019 Title 24, Part 6 Standards that allow a 

dual baseline strategy wherein electrically heated and water-heated buildings are 

compared to a code minimum electrically heated and water-heated building, whereas 

natural gas-based systems for heating and water heating are compared to code 

minimum natural gas-based systems. The limitation is that the dual baseline option for 

water heating is only available for multifamily buildings with individual water heaters, 

and the dual baseline option for heating ventilation and air conditioning (HVAC) is 

available only for low-rise multifamily buildings. The 2019 Title 24, Part 6 Standards did 

not address central water heating for both low-rise and high-rise residential buildings, 

HVAC, and non-regulated end uses, such as appliances and plug loads for mid-rise and 

high-rise residential buildings.  

The Statewide CASE Team investigated suitable strategies for achieving all-electric, 

including electric heat pump HVAC systems, heat pump water heating (HPWH) 

systems, building envelope improvements, appliances and miscellaneous loads, as well 

as on-site renewables.  

The Statewide CASE Team analyzed two packages for the all-electric HVAC 

submeasure: 

¶ Package A: Combined all-electric HVAC plus Central HPWH 

¶ Package B: Combined all-electric HVAC plus energy efficiency measures. The 

energy efficiency measures included in this package are: 

o Fenestration u-factor and solar heat gain coefficient (SHGC) and wall u-

factor requirements. The fenestration and wall u-factor requirements are 

presented in a separate CASE Report (Multifamily Restructuring CASE 

Report 2020), and incorporated into this CASE Report for completeness 

of the all-electric proposal. Summary values are presented in Section 

7.2. 

o Photovoltaic requirement for Climate Zone 16 only.  

The Statewide CASE Team developed the all-electric HVAC code change language 

based on cost effectiveness analysis of Package B. 

The proposed measure includes the following changes for new construction multifamily 

buildings:  

¶ Prescriptively require the use of electric space heating for mid-rise and high-
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rise multifamily buildings. The standard package would include electric HVAC 

system (single zone ducted heat pump (SZHP)), plus energy efficiency 

measures.  

¶ Prescriptive alternate pathway for central HPWH. The current 2019 Title 24 

prescriptive alternate pathway for individual HPWH will be retained. 

¶ For the performance pathway, standard HVAC systems to be electric single  

zone ducted heat pump (SZHP) for mid-rise and high-rise multifamily buildings 

and standard DHW system be a central HPWH system if proposed design uses 

central electric water heating OR the standard DHW system be an individual 

HPWH system if proposed design uses individual HPWH in multifamily 

buildings. 

o For HVAC system, regardless of the proposed system fuel type, the 

standard design shall include a package combining single zone ducted 

heat pump (SZHP) and energy efficiency measures. The electric single 

zone ducted heat pump (SZHP) would have minimum efficiency levels 

meeting applicable state and federal appliance standards.  

o For central DHW system, standard system fuel type is the same as the 

proposed design. Proposed designs using natural gas equipment would 

retain a gas standard, whereas proposed designs with electric 

equipment would be compared to a standard using central HPWH 

equipment.  

¶ For individual DHW systems, retain the current 2019 Title 24 requirements. 

Modified appliances and miscellaneous electric load (MEL) modeling rulesets in 

CBECC-Com for mid-rise and high-rise multifamily dwelling units to match existing 

requirements for low-rise residential buildings in 2019 Title 24, Part 6 rulesets in 

CBECC-Res. 

The proposed measure does not apply to alterations or additions.  

For the DHW prescriptive compliance approach, the proposed code change would add 

a table to an existing or create a new Worksheet (CR1R-PLB). 

For prescriptive HVAC change, update the NRCC-MCH-E to remove gas space heating 

option for high-rise residential buildings. Minor updates may be needed in CF1R-NCB-

01-E accordingly. 

The proposed changes would also require updates to the following compliance forms: 

¶ CF2R-PLB-01a-NonHERS-MultifamilyCentralHotWaterSystemDistribution 

¶ CF2R-PLB-21a-HERS-MultifamilyCentralHotWaterSystemDistribution 

¶ CF3R-PLB-21a-HERS-MultifamilyCentralHotWaterSystemDistribution 

¶ NRCI-PLB-02-HighRiseResHotelMotel-MultifamilyCentral-HWSystemDistribution 
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¶ NRCI-PLB-21-HERS-HighRiseResHotelMotel-MultifamilyCentral-

HWSystemDistribution 

¶ NRCV-PLB-21-HERS-HighRiseResHotelMotel-MultifamilyCentral-

HWSystemDistribution 

Minor updates may be needed in CF1R-PRF-E and NRCC-PRF-E accordingly. 

The proposed code change would add descriptions and data fields for the field testing 

and visual inspection of central HPWH systems. Examples of the revised document are 

presented in Section 7.6.  

The Nonresidential Grid Integration CASE report expands the HPWH demand flexibility 

compliance credit that is available for residential buildings that use the performance 

approach to comply with code so that a similar credit would also be available for 

nonresidential buildings including multifamily buildings with individual and central HPWH 

systems. Specific revisions include updating Joint Appendix 13 ï Qualification 

Requirements for Heat Pump Water Heating Demand Management Systems (JA13) so 

the language is more inclusive of HPWH systems installed in nonresidential buildings. 

The updated language in JA13 would align with the eligibility requirements for the Self-

Generation Incentive Program  (SGIP), which added HPWH as an eligible measure in 

January 2020.14 For this compliance option to become available for use, the 

compliance software would need to be updated to add a feature that would simulate the 

energy impacts of operating HPWHs with demand management capabilities enabled, 

which could include optimizing for utility time-of-use or critical peak pricing rates. 

2.2 Measure History 

Local jurisdictions and efficiency advocates, including building decarbonizations groups, 

are increasingly proposing all-electric multifamily buildings in California. As of March 

2020, 29 local jurisdictions have adopted or proposed local óreachô codes that exceed 

the 2019 Title 24, Part 6 Standards with a specific goal of promoting decarbonization 

through building electrification (Building Decarbonization Coalition 2020). These reach 

codes address the need to adjust energy policies and building construction practices 

with the stateôs desire to lower greenhouse gas and carbon emissions from buildings. 

Decarbonization is now the stated policy goal for the state as enshrined in Assembly Bill 

32 (AB-3232 Zero-emissions buildings and sources of heat energy 2018), Senate Bill 

350 (Clean Energy and Pollution Reduction Act - SB 350 2019) and the 2019 Integrated 

Energy Policy Report (IEPR) (CEC 2019). Whereas the previous iterations of IEPR 

primarily supported Zero Net Energy (ZNE) goals for buildings to meet the stateôs 

energy targets, the recent IEPR makes a direct connection to building decarbonization 

as the means to meet the stateôs overall climate change mitigation goals. Several local, 

regional, national, and international organizations, including the Natural Resources 
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Defense Council, have embraced decarbonization strategies and through their 

grassroots and policy advocacy work have supported building electrification efforts 

across the state. Designers and engineers are increasingly adopting and supporting 

building electrification in multifamily buildings, as the Statewide CASE Team outlines 

further in this reportôs market assessment section. A recent study, Multifamily Market 

Analysis, completed by TRC for PG&E showed that heat pumps are increasingly the 

system of choice for space heating and water heating in multifamily new construction 

(TRC 2018).  

For the 2019 Title 24, Part 6 code cycle, the Energy Commission made significant 

progress toward achieving the decarbonization goal by increasing energy efficiency 

requirements, leveling the playing field for all-electric single family and low-rise 

multifamily buildings that use individual water heating systems.  

Unfortunately, there are still hurdles remaining for high-rise residential buildings or 

buildings with central heat pump water heaters. The main barriers are in the lack of a 

prescriptive pathway for central heat pump water heaters, the compliance software, and 

the 2019 ACM Reference Manual, which are critical components of the implementation 

of the standards. The 2019 ACM Reference Manuals align with the ASHRAE 90.1-2016 

baseline system mapping for DHW and heating, ventilation, air conditioning (HVAC), 

which uses natural gas systems. The use of the 2019 TDV metric with this baseline 

makes it difficult for efficient buildings with efficient electric systems to comply with the 

2019 Standards. Presentations made by Energy Commission staff and their consultants 

during the 2019 Title 24, Part 6 pre-rulemaking and rulemaking events show that all-

electric buildings would generate less overall carbon than mixed-fuel buildings. 

However, the all-electric buildings use more TDV energy than mixed fuel because of the 

way TDV values electricity use higher than natural gas/propane during peak periods. 

Thus, the goals of cost effectiveness (using TDV) and overall carbon reductions are 

currently in conflict even with the improvements in the 2019 Title 24, Part 6. The Energy 

Commission has proposed alternatives and improvements to the 2022 code compliance 

metrics to address these issues. The Statewide CASE Team has leveraged these 

efforts to re-evaluate the relative cost effectiveness and carbon reductions from all-

electric multifamily buildings. The California Energy Commission released a new set of 

TDV values for the 2022 Title 24, Part 6 code cycle, which make all-electric buildings 

more feasible than under the 2019 TDV metric. 

In the following sub-sections, the Statewide CASE Team presents the measure history 

and background for each of the three submeasures in this CASE Report ï electric 

HVAC, electric DHW, and electric appliances and miscellaneous loads.  
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2.2.1 Electric HVAC Systems 

2019 Title 24, Part 6 provided an alternative pathway for all-electric HVAC system for 

low-rise residential buildings (three stories or less) in both the prescriptive and 

performance pathways. The Energy Commission changed low-rise residential HVAC 

baselines such that the baseline system fuel type is the same as the proposed system 

fuel type. For buildings with electric space heating, the baseline is a minimum efficiency 

heat pump system.  

The 2019 Title 24, Part 6 performance baseline is a central furnace with split direct 

expansion (split DX) for mid-rise buildings (four to seven floors) and a four-pipe fan coil 

(FPFC) system for high-rise buildings (eight floors and more) regardless of the fuel used 

for the proposed building. As part of the 2019 Title 24, Part 6 post-adoption process, the 

Energy Commission is working with decarbonization advocates to minimize the impact 

of this baseline on all-electric buildings. A study coordinated by NRDC and supported by 

several designers, engineers and consultants including members of the Statewide 

CASE Team showed that the four-pipe fan coil system in particular is the primary 

challenge for all-electric multifamily buildings. As seen in Table 4, using any heat pump 

system ï even those that are the most efficient in the market ï result in significant TDV 

penalties since they are compared to a baseline of a FPFC system for high-rise 

buildings. For mid-rise multifamily buildings, using a heat pump also results in a 

compliance penalty when compared to a natural gas-fired furnace and split DX but this 

penalty is much smaller than that for high-rise multifamily.  

Table 4: Background Analysis done in 2018 Showing Heat Pump Heating and 
Total TDV Penalties Compared to 2019 Title 24, Part 6 Gas Baseline TDV using 
2019 TDV values 

 

TDV Difference from Standard Design Compliance TDV 
% using 2019 Title 24 TDV values 

CZ 3 CZ 6 CZ 9 CZ 12 CZ 16 

Mid-rise 
Multifamily 

Heating -2% -5% 0% -1% -7% 

Total -1% -4% -2% -1% -7% 

High-rise 
Multifamily  

(14 SEER) 

Heating -11% -9% -3% -9% -20% 

Total -16% -14% -9% -20% -31% 

High-rise 
Multifamily  

(14.5 SEER) 

Heating -11% -9% -3% -9% -20% 

Total -15% -13% -8% -19% -29% 

High-rise 
Multifamily  

(16 SEER) 

Heating -11% -9% -3% -9% -20% 

Total -12% -10% -4% -15% -26% 
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The Energy Commission has proposed to change the high-rise baseline for eight floors 

and above to be the same as that for four to seven floors ï split DX for cooling and gas-

fired furnace for heating. This CASE Report builds on this proposed realignment of the 

baseline and the analysis presented in later sections of this document assumes this 

proposed change to the system baseline for high-rise multifamily buildings.  

2.2.2 Central HPWH Systems 

Central HPWH systems use electricity to produce hot water by transferring heat energy 

from one source, typically air, to potable water. This process can be two to three times 

more energy efficient than a fossil-gas or electric-resistance water heating system. 

HPWH is also a key technology to decarbonize domestic water heating as the system 

uses electricity instead of fossil fuel.  

Central HPWH systems are DHW systems with recirculation loop designed to deliver 

hot water produced by HPWH equipment from a centralized location to multiple end 

users. Several successful central HPWH designs have been implemented and are 

operational in California and Washington. However, energy performance of the systems 

is highly dependent on design and not guaranteed. Example design considerations 

reported from several field studies include: 

¶ Heat pump water heaters require low entering water temperature and warm 

incoming air temperature to operate at high efficiencies.  

¶ Design variables critical to system performance include energy loss in the 

distribution system, hot water usage by occupants, and hot water draw schedules 

throughout a multifamily building. 

¶ Stratification strategies such as tank sizing and piping configuration keep 

HPWHs operating at desirable conditions.  

¶ Multiple modules of a water heater can operate in parallel to increase overall 

capacity, and each heat pump water heater model has different performance 

characteristics. 

In the 2019 Title 24, Part 6, low-rise residential DHW baseline is an electric HPWH 

when the proposed system is a heat pump or electric resistance system serving 

individual dwelling unit or serving multiple dwelling unit with no recirculating loops. The 

prescriptive pathway allows either heat pump water heaters meeting federally regulated 

efficiency levels along with supporting measures such as compact hot water distribution, 

drain water heat recovery or a Northwest Energy Efficiency Alliance (NEEA) Tier-III 

rated heat pump water heater. NEEA Tier-III rated equipment represent the most 

efficient heat pump water heaters available in the market that are rated to perform at 

outdoor conditions found in cold climate locations. The performance approach uses the 
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federal minimum efficiency heat pump water heater along with the associated 

measures.  

Under 2019 Title 24, Part 6 code, the high-rise residential DHW baseline follows the 

same rules as low-rise residential buildings. The 2016 Title 24, Part 6 baseline DHW 

was gas water heater regardless of the proposed system fuel type.  

2019 Title 24, Part 6 provides an alternative performance approach for HPWHs that 

serve more than one and up to eight units without the use of recirculation loops or 

pumps. This option is often called a óclusteredô design or approach. Under 2019 Title 24, 

Part 6, the clustered approach is considered analogous to the individual heat pump 

water heater approach and does not incur any compliance penalties. 

Under the 2019 Title 24, Part 6 as well as previous code iterations, there is no 

prescriptive or performance pathway for central HPWH with recirculation. As of January 

2020, central HPWH with recirculation cannot be modeled in the official compliance 

software. Current prescriptive and performance limitations effectively eliminate a 

designerôs ability to replace a conventional central gas-fired water heater including 

recirculation with a central heat pump water heater. As a consequence, proponents of 

central HPWH designs have to resort to reconfiguring their preferred design approaches 

for high-rise multifamily buildings (i.e., central HPWH with recirculation serving the 

entire building) to comply within the constraints of the energy code compliance tools. 

Some local jurisdictions have allowed modeling central heat pump water heaters as 

minimally efficient natural gas boilers, but this adjustment is not universally accepted, 

nor is it endorsed or supported by the Energy Commission.  

On Dec 19, 2019, the Energy Commission provided an Executive Director 

Determination Pursuant to Section 150.1 (c)8C that allows central HPHW systems that 

meet specified design and installation criteria, in addition to solar thermal or photovoltaic 

(PV) system requirements, to show compliance with 2019 Title 24, Part 6 under the 

prescriptive path (California Energy Commission 2019). The specified design allowed 

under this exception is a single-pass system with a specific configuration of heat pump 

water heaters, storage tanks, valves and other controls. The Energy Commission is also 

developing modeling capabilities within the compliance software to model the 

performance of this specified system with an expected release date in the first quarter of 

2020.  

This measure is not required nor adequately modeled by other codes, such as the 

International Energy Conservation Code (IECC) and the American Society of Heating, 

Refrigerating and Air-Conditioning Engineers (ASHRAE) Standard 90.1, or voluntary 

rating systems, such as Leadership in Energy and Environmental Design (LEED) and 

ENERGY STARÈ. 
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2.2.3 Electric Appliances and Miscellaneous Load 

The Residential ACM Reference Manual applicable to low-rise multifamily (three stories 

or less) contains a methodology for calculating appliances and miscellaneous loads that 

accounts for the specific appliances included in the dwelling units as well as the size of 

the dwelling unit and number of bedrooms. This appliance and miscellaneous load is 

used both to calculate internal loads for space conditioning as well as total energy 

consumption for the whole building energy use using the Energy Design Rating (EDR) 

compliance approach. However, the Nonresidential ACM Reference Manual applicable 

to high-rise multifamily (four stories or more) contains a fixed plug load density of 0.50 

W/ft2 with no accounting for the specific appliances in the dwelling units or the size of 

the dwelling unit, or number of bedrooms. The Statewide CASE Team proposes that 

dwelling units in high-rise residential buildings to use values and calculation methods 

from the Residential ACM Reference Manual. 

2.2.4 Energy Efficiency Measures 

The fenestration and wall u-factor requirements and related measure history is 

presented in a separate CASE Report (Multifamily Restructuring CASE Report 2020). 

Summary values are presented in Section 7.2. 

2.3 Summary of Proposed Changes to Code Documents  

The sections below summarize how the proposed change would modify the standards, 

Reference Appendices, ACM Reference Manuals, and compliance documents. See 

Section 7 of this report for detailed proposed revisions to code language. 

The Energy Commission is considering consolidation of low-rise and high-rise 

multifamily requirements under a new multifamily section(s) in 2022 Title 24, Part 6. 

Restructuring the standards for multifamily building may also result in revisions to 

Reference Appendices, ACM Reference Manuals, compliance manuals, and 

compliance documents. Location and section numbering of the 2022 Standards and 

supporting documents for multifamily buildings depend on the Energy Commissionôs 

approach to and acceptance of a unified multifamily section(s). For clarity, this CASE 

Report demonstrates the proposed changes in terms of the 2019 structure and 

language. 

2.3.1 Summary of Changes to the Standards 

This proposal would modify the following sections of Title 24, Part 6 as shown below. 

See Section 7.2 of this report for marked-up code language.  

SECTION 150.1 PERFORMANCE AND PRESCRIPTIVE COMPLIANCE 

APPROACHES FOR LOW-RISE RESIDENTIAL BUILDINGS 
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(c) Prescriptive Standards/Components Package  

8. Domestic Water-Heating Systems.  

B. For system serving multiple dwelling units 

¶ The proposed code change would add an alternative prescriptive pathway for 

heat pump water heater system serving multiple dwelling units and exempt the 

solar water heating system requirement when a central HPWH system is 

installed.  

Section 140.4 PRESCRIPTIVE REQUIREMENTS FOR SPACE CONDITIONING 

SYSTEMS 

¶ The proposed code change would prescriptively require space conditioning 

system to be electric single zone ducted heat pump (SZHP) system for all high-

rise residential occupancies regardless of number of floors.  

(New) SECTION 140.10 PRESCRIPTIVE REQUIREMENTS FOR PHOTOVOLTAIC 

SYSTEM 

¶ The proposed code change would add prescriptive PV requirement for mid-rise 

and high-rise multifamily buildings in Climate Zone 16. 

¶ The combined all-electric and energy efficiency package includes fenestration 

properties and wall u-factor requirements that are proposed in the multifamily 

restructuring report and summarized below.  

Section 140.3 PRESCRIPTIVE REQUIREMENTS FOR BUILDING ENVELOPES 

Table 140.3-C 

¶ The proposal consolidates and re-organizes wall assembly requirements and 

aligns fenestration requirements from Code Table 150.1-B for residential and 

Table 140.3-C for nonresidential.  

2.3.2 Summary of Changes to the Reference Appendices 

This proposal would modify the following sections of the Reference Appendices for the 

measures associated with Central HPWH. See Section 7.3 of this report for the detailed 

proposed revisions to the text of the reference appendices.  

¶ JA14 Qualification Requirements for Central Heat Pump Water Heater 

System: The proposed code change would add a new Joint Appendix to include 

testing and design documentation requirements for central HPWH systems in 

multifamily and nonresidential buildings.  

¶ Table RA2-1 Summary of Measures Requiring Field Verification and 

Diagnostic Testing: The proposed new Central HPWH verification requirement 

would add an entry to the summary table under the Multifamily DHW Heating 

Measures heading. 
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¶ New RA 3.6.x Field-Verified Central Heat Pump Water Systems Serving 

Multiple Dwelling Units: The proposed code change would add a new section 

to the Reference Appendix to include field visual verification for central HPWH 

systems. The verification procedure would include verification of equipment 

specifications, minimum system capabilities, plumbing configuration, and 

installation requirements. 

2.3.3 Summary of Changes to the Residential/Nonresidential ACM 
Reference Manual  

This proposal would modify the following sections of the Residential and Nonresidential 

ACM Reference Manuals as shown below. See Section 7.4 of this report for the detailed 

proposed revisions to the text of the ACM Reference Manual. 

NONRESIDENTIAL ACM REFERENCE MANUAL SECTION 5 BUILDING 

DESCRIPTORS REFERENCE 

¶ 5.1.2 HVAC System Map: The proposal would update the standard design for 

residential buildings with seven or fewer floors as well as eight or more floors 

above grade to an electric heating system regardless of the proposed design fuel 

type. The standard design would be a single zone ducted heat pump (SZHP) 

system. Table 5 would be updated to reflect the new standard system types.  

¶ 5.3.3 Receptacle Load: The proposal suggests a change for dwelling units in 

high-rise residential buildings to use values from Appendix E ï Plug Loads and 

Lighting Modeling from the 2019 Residential Alternative Calculation Method 

Reference Manual.  

RESIDENTIAL ACM REFERENCE MANUAL SECTION 2.9 DOMESTIC HOT WATER 

(DHW) 

¶ 2.9.3 Multiple Dwelling Units: The proposed code change would add a section 

describing the standard design for a central HPWH system with recirculation 

loop. It would also clarify standard design for individual heat pump water heaters 

serving multiple dwelling units without recirculation loop. 

2.3.4 Summary of Changes to the Residential/Nonresidential Compliance 
Manual  

The proposed code change would modify the Nonresidential Compliance Manual to 

include prescriptive requirement for electric heat pump for high-rise residential 

occupancies.  

The proposed code change would modify the following section of the Residential 

Compliance Manual:  
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¶ Section 5.1 Overview ï add overview of new requirements around Central 

HPWH 

¶ Section 5.2 Residential Water Heating Equipment - Add descriptions on the 

central HPWH equipment, design, plumbing configurations, and installation 

requirements. 

¶ Section 5.4 Prescriptive Requirements for Water Heating - Add the Code of 

Federal Regulation (CFR) reference for the 12-kW threshold for the ñresidential 

electric storageò water heater designation and clarify the definition of ñcentral 

HPWHò for code requirement perspective. 

¶ Section 5.4.2 Prescriptive Requirements for Water Heating for Multiple 

Dwelling Units - The proposed change would add a new section to explain 

intent and reasonings for the central HPWH prescriptive alternative and describe 

best practices for designing and sizing central HPWH systems.  

¶ Section 5.5.3 Performance Approach Compliance for Water Heating 

Systems Serving Multiple Dwelling Units.  

The proposed code change would modify the following section of the Nonresidential 

Compliance Manual:  

¶ Section 4.8.3 Prescriptive Requirements Applicable to High-rise Residential 

¶ Section 13 Acceptance Test Requirements 

See Section 7.5 of this report for the detailed proposed revisions to the text of the 

Compliance Manuals. 

2.3.5 Summary of Changes to Compliance Documents  

The proposed code change would modify the following compliance documents. 

Examples of the revised document are presented in Section 7.6.  

For the prescriptive compliance approach the proposed code change would add a table 

to an existing Certificate of Compliance or create a new Certificate of Compliance 

(CF1R-PLB and NRCC-PLB-E). 

Update the NRCC-MCH-E to remove gas space heating as a standard system for high-

rise residential buildings 

For the performance compliance approach the proposed changes would require 

updates to the following compliance forms: 

¶ CF2R-PLB-01a-NonHERS-MultifamilyCentralHotWaterSystemDistribution 

¶ CF2R-PLB-21a-HERS-MultifamilyCentralHotWaterSystemDistribution 

¶ CF3R-PLB-21a-HERS-MultifamilyCentralHotWaterSystemDistribution 

¶ NRCI-PLB-02-HighRiseResHotelMotel-MultifamilyCentral-HWSystemDistribution 
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¶ NRCI-PLB-21-HERS-HighRiseResHotelMotel-MultifamilyCentral-

HWSystemDistribution 

¶ NRCV-PLB-21-HERS-HighRiseResHotelMotel-MultifamilyCentral-

HWSystemDistribution 

The proposed code change would add descriptions and data fields for the field testing 

and visual inspection of central HPWH systems. 

2.4 Regulatory Context 

2.4.1 Existing Requirements in the California Energy Code 

This topic builds on the 2019 Title 24, Part 6 Standards that allow a dual baseline 

strategy wherein electrically space- and water-heated buildings are compared to a code 

minimum electrically space- and water-heated building, whereas natural gas-based 

systems for heating and water heating are compared to code minimum natural gas-

based systems. The limitation is that the dual baseline option for water heating is only 

available for multifamily buildings with individual water heaters, and the dual baseline 

option for heating ventilation and air conditioning (HVAC) is available only for low-rise 

multifamily buildings. The 2019 Title 24, Part 6 Standards did not address central water 

heating for both low-rise and high-rise residential buildings, HVAC, and non-regulated 

end uses, such as appliances and plug loads for mid-rise and high-rise residential 

buildings.  

Under 2019 Title 24, Part 6 code, the high-rise residential DHW baseline follows the 

same rules as low-rise residential buildings. 2019 Title 24, Part 6 provides an alternative 

performance approach for HPWHs that serve more than one and up to eight units 

without the use of recirculation loops or pumps. This option is often called a óclusteredô 

design or approach. Under 2019 Title 24, Part 6, the clustered approach is considered 

analogous to the individual heat pump water heater approach and does not incur any 

compliance penalties. 

For mid- and high-rise residential buildings (four stories or more), the performance 

pathway under 2019 Title 24, Part 6 code uses mixed fueled HVAC system as the 

baseline (CEC 2019). The California Energy Commission has proposed changes to the 

current 2019 Title 24, Part 6 code nonresidential ACM to use the following equipment as 

baseline HVAC systems: 

¶ For mid-rise residential buildings (four to seven stories): the baseline system is 

single zone constant volume direct expansion air conditioner (Split Dx) with 

furnace 

¶ For high-rise residential buildings (eight stories or more): the baseline system is 

Split Dx with furnace.  
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The Statewide CASE Team uses these proposed baseline systems as the basis of this 

CASE Report analysis for mid-rise and high-rise multifamily buildings respectively.  

On Dec 19, 2019, the Energy Commission provided an Executive Directive that allows 

central HPHW systems that meet specified installation criteria in addition to solar 

thermal or PV installation requirements to show compliance to 2019 Title 24, Part 6 

(California Energy Commission 2019). Figure 4 is a schematic of the system.  

 

Figure 4: Central HPWH design schematic that complies with 2019 Title 24, Part 6 
by executive director.  

Source: (CEC 2019). 

2.4.2 Relationship to Requirements in Other Parts of the California Building 
Code  

 There are no relevant requirements in other parts of the California Building Code. 

2.4.3 Relationship to Local, State, or Federal Laws 

U.S. D.O.E. has federal minimum efficiency requirements for DHW and HVAC 

equipment specified in the Code of Federal Regulations at 10 CFR 430.32(d) (Code of 

Federal Regulations 2020). Efficiency varies with the equipment class and the equipment 

capacity. Table 5 and Table 6 give a summary of the federal efficiency requirements. 

U.S. D.O.E. has a federal efficiency standard for HPWHs with rated storage volume less 

than 120 gallons specified in the Code of Federal Regulations at 10 CFR 430.32(d) 

(Code of Federal Regulations 2020). There is no federal efficiency standard for HPWHs 

with larger storage volume. While many of the heat pump water heaters in the regulated 

http://www.ecfr.gov/cgi-bin/text-idx?SID=80dfa785ea350ebeee184bb0ae03e7f0&mc=true&node=se10.3.430_132&rgn=div8
http://www.ecfr.gov/cgi-bin/text-idx?SID=80dfa785ea350ebeee184bb0ae03e7f0&mc=true&node=se10.3.430_132&rgn=div8
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category (less than 120 gallons) can be used for central water heater design, the 

proposed measure does not require efficiency above the federal standards and thus, 

does not trigger preemption.  

There is no federal efficiency standard for commercial size HPWHs, as defined by 10 

CFR 431.102. 

As of March 2020, 29 local jurisdictions have adopted local ordinances (Building 

Decarbonization Coalition 2020) that encourage or require the use of electric water 

heating in residential and/or nonresidential applications. Some of these ordinances, 

such as Berkeley, Morgan Hill, and Cupertino, have language similar to the following: 

ñException: Natural Gas Infrastructure may be permitted in a Newly Constructed 

Building if the Applicant establishes that it is not physically feasible to construct the 

building without Natural Gas Infrastructure. For purposes of this exception, 

ñphysically feasibleò to construct the building means either an all-electric prescriptive 

compliance approach is available for the building under the Energy Code or the 

building is able to achieve the performance compliance standards under the Energy 

Code using commercially available technology and an approved calculation method 

(City of Berkeley 2019).  

Discussion with city staff and associated consultants indicate that the language was 

specifically written with central HPWH with recirculation in mind. These local ordinances 

intend to encourage the electrification code proposal despite broader implementation 

challenges. Under the original 2019 Title 24, Part 6, there is no prescriptive path or a 

performance modeling approach for central HPWH with recirculation. While it is possible 

for central water heaters distributed throughout the building, each serving up to eight 

dwelling units with a trunk and branch system, to currently comply with Title 24, Part 6 

performance method, the clustered design is a departure from current industry practice 

for high-rise multifamily.  

Table 5: Federal Minimum Efficiency Requirements for Residential Water Heaters 
(Partial) 

Product 
class 

Rated storage volume and input 
rating (if applicable) 

Draw pattern Uniform energy factor 

Electric 
Storage 
Water 
Heaters   

Ó20 gallons and Ò55 gallons Very Small 0.8808 ī (0.0008 Ĭ Vr) 

Low 0.9254 ī (0.0003 Ĭ Vr) 

Medium 0.9307 ī (0.0002 Ĭ Vr) 

High 0.9349 ī (0.0001 Ĭ Vr) 

>55 gallons and Ò120 gallons Very Small 1.9236 ī (0.0011 Ĭ Vr) 

Low 2.0440 ī (0.0011 Ĭ Vr) 

Medium 2.1171 ī (0.0011 Ĭ Vr) 

High 2.2418 ī (0.0011 Ĭ Vr) 
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*Vr is the Rated Storage Volume (in gallons), as determined pursuant to 10 CFR 429.17. 

Table 6 summarizes the federal minimum efficiency requirement for HVAC systems. 

The proposed measure does not require HVAC systems having efficiency above the 

federal standards, thus does not trigger preemption. 
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Table 6: Federal Minimum Efficiency Requirements for HVAC Systems 

Product Sub-
category 

Heating Type Ducts Capacity Efficiency Date 

Central air conditioner Split 
 

Ducted <45,000 Btu/h 14 SEER; 12.2 EER January 1, 2015 to 
January 1, 2023 

Central heat pump Split 
 

Ducted <65,000 Btu/h 14 SEER; 8.2 HSPF January 1, 2015 to 
January 1, 2023 

Central air conditioner Split 
 

Ductless <45,000 Btu/h 14 SEER; 12.2 EER January 1, 2015 to 
January 1, 2023 

Central heat pump Split 
 

Ductless <65,000 Btu/h 14 SEER; 8.2 HSPF January 1, 2015 to 
January 1, 2023 

Central air conditioner Packaged 
  

<65,000 Btu/h 14 SEER; 11.0 EER January 1, 2015 to 
January 1, 2023 

Central heat pump Packaged 
  

<65,000 Btu/h 14 SEER; 8.0 HSPF January 1, 2015 to 
January 1, 2023 

Central air conditioner Split 
 

Ducted >=45,000 Btu/h; 
<65,000 Btu/h 

14 SEER; 11.7 EER January 1, 2015 to 
January 1, 2023 

Central air conditioner Split 
 

Ductless >=45,000 Btu/h; 
<65,000 Btu/h 

14 SEER; 11.7 EER January 1, 2015 to 
January 1, 2023 

Central air conditioner Split 
 

Ducted <45,000 Btu/h 14.3 SEER2; 11.7 EER2 
(if SEER2 < 15.2); 9.8 
EER2 (if SEER2 >= 15.2) 

January 1, 2023 
onwards 

Central heat pump Split 
 

Ducted <65,000 Btu/h 14.3 SEER2; 7.5 HSPF2 January 1, 2023 
onwards 

Central air conditioner Split 
 

Ductless <45,000 Btu/h 14.3 SEER2; 11.7 EER2 
(if SEER2 < 15.2); 9.8 
EER2 (if SEER2 >= 15.2) 

January 1, 2023 
onwards 

Central heat pump Split 
 

Ductless <65,000 Btu/h 14.3 SEER2; 7.5 HSPF2 January 1, 2023 
onwards 

Central air conditioner Packaged 
  

<65,000 Btu/h 13.4 SEER2; 10.6 EER2 January 1, 2023 
onwards 

Central heat pump Packaged 
  

<65,000 Btu/h 13.4 SEER2; 6.7 HSPF2 January 1, 2023 
onwards 

Central air conditioner Split 
 

Ducted >=45,000 Btu/h; 
<65,000 Btu/h 

13.8 SEER2; 11.2 EER2 
(if SEER2 < 15.2); 9.8 
EER2 (if SEER2 >= 15.2) 

January 1, 2023 
onwards 
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Product Sub-
category 

Heating Type Ducts Capacity Efficiency Date 

Central air conditioner Split 
 

Ductless >=45,000 Btu/h; 
<65,000 Btu/h 

13.8 SEER2; 11.2 EER2 
(if SEER2 < 15.2); 9.8 
EER2 (if SEER2 >= 15.2) 

January 1, 2023 
onwards 

VRF Multi-Split Air 
Conditioner (Air-Cooled) 

 
All Heating Types 

 
<65,000 Btu/h 13.0 SEER June 16, 2008 

onwards 

VRF Multi-Split Heat 
Pump (Air-Cooled) 

 
All Heating Types 

 
<65,000 Btu/h 13.0 SEER, 7.7 HSPF June 16, 2008 

onwards 

VRF Multi-Split Heat 
Pump (Air-Cooled) 

 
No Heating or 
Electric Resistance 
Heating 

 
>=65,000 Btu/h; 
<135,000 Btu/h 

11.0 EER, 3.3 COP January 1, 2010 
onwards 

VRF Multi-Split Heat 
Pump (Air-Cooled) 

 
All Other Types of 
Heating 

 
>=65,000 Btu/h; 
<135,000 Btu/h 

10.8 EER, 3.3 COP January 1, 2010 
onwards 

VRF Multi-Split Heat 
Pump (Air-Cooled) 

 
No Heating or 
Electric Resistance 
Heating 

 
>=135,000 Btu/h; 
<240,000 Btu/h 

10.6 EER; 3.2 COP January 1, 2010 
onwards 

VRF Multi-Split Heat 
Pump (Air-Cooled) 

 
All Other Types of 
Heating 

 
>=135,000 Btu/h; 
<240,000 Btu/h 

10.4 EER; 3.2 COP January 1, 2010 
onwards 

VRF Multi-Split Air 
Conditioner (Air-Cooled) 

 
No Heating or 
Electric Resistance 
Heating 

 
>=65,000 Btu/h; 
<135,000 Btu/h 

11.2 EER January 1, 2010 
onwards 

VRF Multi-Split Air 
Conditioner (Air-Cooled) 

 
All Other Types of 
Heating 

 
>=65,000 Btu/h; 
<135,000 Btu/h 

11.0 EER January 1, 2010 
onwards 

VRF Multi-Split Air 
Conditioner (Air-Cooled) 

 
No Heating or 
Electric Resistance 
Heating 

 
>=135,000 Btu/h; 
<240,000 Btu/h 

11.0 EER January 1, 2010 
onwards 

VRF Multi-Split Air 
Conditioner (Air-Cooled) 

 
All Other Types of 
Heating 

 
>=135,000 Btu/h; 
<240,000 Btu/h 

10.8 EER January 1, 2010 
onwards 
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2.4.4 Relationship to Industry Standards  

ASHRAE 90.1 Energy Cost Budget Method Figure 11.5.2 defines the HVAC system 

baseline based on proposed heating system fuel type. Title 24, Part 6 and 90.1 map 

system and fuel types differently.  

There are no relevant requirements for Central HPWH in national model codes, such as 

IECC, ASHRAE 90.1, and ASHRAE 189.1. There are several industry standards for 

HPWH testing procedure: 

¶ Residential water heaters, with a nameplate input rating of 12 kW or less, and 

containing more than one gallon of water per 4,000 Btu per hour of input, can be 

rated according to Code of Federal Regulation Title 10 Appendix E to Subpart B of 

Part 430ðUniform Test Method for Measuring the Energy Consumption of Water 

Heaters.  

¶ Commercial HPWHs, having a rated electric power input greater than 12 KW (10 

CFR Ä431.102 2020), can be rated according to Code of Federal Regulation Title 10 

Appendix E to Subpart G of Part 431 - Uniform Test Method for the Measurement of 

Energy Efficiency of Commercial Heat Pump Water Heaters (CFR 10 431 Subpart G 

2020). 

¶ Commercial HPWHs can also be rated according to ANSI/AHRI Standard 1301 

Performance Rating of Commercial Heat Pump Water Heaters.  

However, most of the HPWH manufacturers interviewed by the Statewide CASE Team 

suggested that there is no clear Code of Federal Regulation (CFR) classification for the 

HPWH products most relevant to this proposal, and most manufacturers test their 

product using in-house procedure that is not publicly available.  

The Statewide CASE Team proposed to establish a standardized testing procedure, as 

presented in the new Joint Appendix 14. The new testing method references 10 CFR 

Appendix E to Subpart G of Part 431 for test setup and calculation approach and 

requires testing conditions that are included in the PG&E ATS lab testing currently being 

conducted and future tests planned by the California Statewide IOUs described in 

Section 2.2.2.  

The performance curves developed for individual heat pump waters through research 

conducted by NEEA, may be applicable to some central system products. The PG&E 

ATS lab testing and algorithm development would provide performance curves for more 

central HPWH product.  
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2.5 Compliance and Enforcement 

When developing this proposal, the Statewide CASE Team considered methods to 

streamline the compliance and enforcement process and how to mitigate or reduce 

negative impacts on market actors who are involved in the process. This section 

describes how to comply with the proposed code change. It also describes the 

compliance verification process. Appendix E:  presents how the proposed changes 

could impact various market actors.  

Compliance and Enforcement would remain the same for all-electric HVAC designs 

even though the choice of standard design will change to a SZHP system.  

Compliance activities associated with central HPWH measure include:  

¶ Design Phase: Design engineers (generally plumbing engineers) specify heat 

pump water heater equipment and recirculation system design according to best 

practices guide and manufacturer guidelines. Designers would specify space 

footprint and clearance and structural support for large storage tanks; this practice 

is similar to current practice for conventional gas-fired water heater systems. The 

design drawings show additional design features and details for ventilation 

requirements and condensate pipe. Design engineers provide modeling inputs for 

the central HPWH system in the compliance software and information on system 

designs and features on the Certificate of Compliance Documents. Activities 

designers would perform are as follows: 

o Estimate recirculation loop loss to assist sizing of recirculation loop tank 

heating capacity. Although plumbing engineers should have performed similar 

analyses when sizing for a gas-fired DHW system, this step is not critical for 

gas-fired systems and therefore is often overlooked. 

o Size and specify storage tanks. The larger HPWH equipment most suitable for 

central systems is configured as standalone heat pumps. Therefore, the 

storage tank must be separately sized. This contrasts with gas-fired systems 

where many large water heaters (with sufficient storage capacity) are readily 

available, which are easily specified and designed with minimal custom 

engineering work. 

o Increase electrical panels to support additional loads.  

o Communicate with compliance modeling consultant to provide design inputs. 

¶ Permit Application Phase: Design engineers and energy consultant work 

together to model the central HPWH system via compliance software. Building 

officials would perform plan check reviews as usual on equipment location, 

recirculation system design, and verify that the building adheres to the 

performance budget or is designed according to prescriptive standards. 
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¶ Construction Phase: Plumbing contractors would install the central HPWH 

system including the heat pump, storage tanks, plumbing components, and 

specialties including mixing valves and control sensors ï as designed and per 

manufacturer instructions. After installation, either a design engineering team 

member or a contracted third party would perform necessary commissioning 

testing to ensure the system and controls are installed and function as designed. 

¶ Inspection Phase: Plumbing contractors would populate CF2R-PLB-XX or NRCI 

form and schedule on-site verifications. HERS Raters or ATTs would perform on-

site verification to ensure that the equipment, system design, piping configurations, 

and controls are in alignment with submitted plans and code requirements. HERS 

Raters or ATTs would submit CF3R/NRCA/NRCV forms accordingly.  

The compliance process for central HPWH systems requires a higher degree of design 

engineer and energy consultant coordination during design phase, closer contractor 

adherence to the design details during installation, and continued oversight from design 

engineers throughout and after installation, compared to a similar gas-fired system.  

Incorporating the proposed code changes for central HPWH systems would provide the 

minimum requirements to ensure safety, reliability, and performance of heat pump water 

heating systems. The Statewide CASE Team developed the requirements based on the 

latest available body of knowledge gained from project experience and insights gleaned 

from expert designers.  
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3. Market Analysis 
The Statewide CASE Team has reached out to stakeholders to collect information on 

the state and challenges of current all-electric designs in multifamily buildings in 

California. Appendix F summarizes stakeholder engagement efforts. Stakeholder 

interviews revealed that the main drivers for a project to use an all-electric design 

include: 

¶ Environmental reasons. In many cases, the project owner came into the design 

process with the intent of going all-electric in order to reduce GHG emissions or 

achieve zero-net energy 

¶ Reduced overall construction cost achieved through elimination of gas 

infrastructure on site, reduction of design and construction coordination needs 

without gas system,  

¶ Benefits of lower operation and maintenance costs, in some cases, and better 

indoor air quality. 

¶ Resiliency of all-electric buildings, especially with the potential for battery 

storage. 

All-electric buildings are increasing rapidly and as more local jurisdictions support 

decarbonization initiatives, there will be significant increase in all-electric buildings in the 

state. The Statewide CASE Team collected all-electric project information using 

interviews, surveys, design drawing review, and Title 24, Part 6 compliance document 

review. Data sources included Association for Energy Affordability (AEA), Frontier 

Energy, Redwood Energy, EHDD, Gabel Energy, Build it Green, Mithun, and the 

CMFNH program, collectively referred as ñProject Based Dataò in this document. 
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Figure 5: (Left) Histogram of system types by conditioned floor area; (Right) 
Histogram of system types by number of stories. 

Source: Project Based Data. 

Note that this dataset has a self-selection bias since the Statewide CASE Team 

received data from those stakeholders willing to share data. As a result, most projects 

are in Northern California. This does not mean that other areas of the state are not 

seeing similar trends. 

As seen in Figure 5, projects may have either an electric HVAC or DHW system, but not 

necessarily both. The Statewide CASE Team reviewed buildings with electric HVAC 

and DHW systems from data provided by stakeholders in order to study current market 

practices. Out of 136 buildings with an electric HVAC or DHW system, 37 projects had 

both an electric HVAC and DHW system, 66 had only an electric HVAC system, and 33 

had only an electric DHW system. The 37 projects that had both an electric HVAC and 

DHW system are located in cities that cover a wide range of climate conditions including 

Climate Zones 2, 3, 4, and 12.  

Figure 5 compares characteristics of buildings with an electric HVAC system only, an 

electric DHW system only and both an electric HVAC and DHW system. Although 

electric HVAC systems exist in both small and large buildings, buildings with an electric 

DHW system, and buildings with both electric HVAC and DHW systems are often less 

than three-stories and 20,000 ft2, with 10 to 20 dwelling units.  



 

2022 Title 24, Part 6 Final CASE Report ï 2022-MF-DHW-F | 53 

3.1 Electric HVAC Systems 

3.1.1 Market Structure 

The Statewide CASE Team performed a market analysis to identify current technology 

availability, current product availability, and market trends and to determine how the 

proposed standard may impact the market in general as well as individual market 

actors. The Statewide CASE Team also gathered information about the incremental 

cost of complying with the proposed measure. The Statewide CASE Team estimated 

market size and measure applicability through research and outreach with stakeholders 

including utility program staff, Energy Commission staff, and a wide range of industry 

actors. In addition to conducting personalized outreach, the Statewide CASE Team 

discussed the current market structure and potential market barriers during a public 

stakeholder meeting that the Statewide CASE Team September 10, 2019, and March 

17, 2020.  

The all-electric space heating technology market actors include building 

owners/developers, design consultant team, contractors, equipment manufacturers, and 

energy consultants. Description of each type of market actor below. 

¶ Architects ï Architects are part of the project design consultant team that 

include architects, mechanical, plumbing, structural, and electrical consultants. 

Architects design the buildings and plan for the spaces where mechanical and 

plumbing equipment are installed. Decisions made by architects on the size and 

location of mechanical/plumbing areas, as well as other aspects of building 

layout, can significantly impact the feasibility of split heat pump system and 

variable refrigerant flow (VRF) systems. For example, there are strict length 

limitations on refrigerant piping for VRF and split heat pump systems such that 

the outdoor unit of a heat pump system cannot be too far away from its indoor 

unit which is installed in the space it is serving. Architects need to provide space 

to accommodate the outdoor units for the heat pump systems.  

¶ Building owners/developers ï Owners and developers are the decision-makers 

on the type of systems that go into their buildings. The project owner came into 

the design process with the intent of going all-electric or was interested in zero-

net energy from the onset in many of the projects reviewed by the CASE Team 

that use both all-electric HVAC and DHW systems.  

¶ Mechanical engineers - Mechanical engineers are responsible for designing 

HVAC systems. They are responsible for determining HVAC system type to be 

used in the building and ensuring the design satisfy all installation requirements 

of each equipment such that the HVAC system can function properly. This 

involves coordination with architect/structural/plumbing/electrical to ensure space 

requirement, structural support, etc. Stakeholder interviews revealed that the 
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project consultant team can have a strong influence on building owner/developer 

in decision of the type of HVAC and plumbing system that go into a building, 

Design consultant team need to have the knowledge of the all-electric HVAC 

technology and ability to communicate value proposition to the building owner 

and developers. In addition, as of March 2020, 29 local jurisdictions have 

adopted local ordinances (Building Decarbonization Coalition 2020) that 

encourage or require the use of electric space heating. These professionals need 

to follow reach code requirements when deciding whether a mixed-fuel or all-

electric system to use. 

¶ Manufacturers ï Equipment manufacturers develop, market, and sell HVAC 

equipment. Manufacturers support design engineers by providing equipment 

selection software and suggesting equipment layout concept. They also support 

equipment installation, start-up testing by providing training to contractors and 

builders. Manufacturerôs reps provide local design, installation, and 

commissioning assistance for equipment manufactures not located in California. 

Details on manufacturers and product availability is in section 3.1.2.2. 

¶ Contractors - The mechanical contractor usually installs the HVAC equipment, 

with some coordination by a general contractor. There are many contractors with 

extensive experience in installing heat pump systems, including VRF systems.  

¶ Energy consultants ï Energy consultants both complete energy code-

compliance modeling and advise design teams on improved design approaches. 

These professionals would need to learn how the design and modeling of an all-

electric HVAC system is different from gas-based HVAC systems so that they 

can appropriately advise design teams and accurately model the systems for 

code-compliance. 

3.1.2 Technical Feasibility, Market Availability, and Current Practices 

3.1.2.1 Technical Feasibility 

The Statewide CASE Team reviewed 103 buildings with electric HVAC systems 

installed. Most of the buildings (49) had individual single zone ducted heat pumps 

(SZHP) systems in the dwelling units. Other HVAC systems used include ductless heat 

pump systems, water source heat pumps, PTHP, electric baseboard heating, electric 

resistance heating, and VRF systems. 

Figure 6 shows the HVAC systems used as a function of the number of stories in the 

building. SZHP systems are most common. Electric resistance heating was found only 

in affordable housing projects where cooling was not installed because of the buildingôs 

location in mild climates. For taller buildings, even though VRF systems are not as 

common as SZHPs in existing projects, the majority of the stakeholders the Statewide 
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CASE Team interviewed mentioned VRF system being the system of choice for high 

rise multifamily buildings.  

 

Figure 6: Electric HVAC system type by number of stories. 

Source: Project Based Data. 

The Statewide CASE Team also reviewed system efficiencies used in the projects. 

Figure 7 and Figure 8 show efficiencies by system type split by the code cycle of Title 

24, Part 6 for which the project pulled a permit. A Seasonal Energy Efficiency Ratio 

(SEER) of 13 was required for the 2008 and part of the 2013 code cycle (until 2015). 

The SEER requirement increased to 14 in 2015. For the 2013 and 2016 code cycles, 

most of the air source heat pumps used in projects had SEER values exactly at the Title 

24, Part 6 minimum requirement (SEER 14). An increasing number of projects used 

heat pumps with a higher SEER rating than required over the years. However, a higher 

SEER compared to the Title 24, Part 6-required SEER did not necessarily result in a 

higher space cooling compliance margin, suggesting the higher efficiency equipment 

was used to make up for high energy usage elsewhere in the building envelope or 

systems.  
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Figure 7: SEER of heat pump systems by Title 24 code cycle. 

Source: Project Based Data. 

The Heating Seasonal Performance Factor (HSPF) requirement of air source heat 

pumps for Title 24, Part 6 was 7.7 during the 2008 code cycle and part of the 2013 code 

cycle (until 2015). After 2015, for the 2013 and 2016 code cycles, the HSPF 

requirement for Title 24, Part 6 was 8.0 for packaged and 8.2 for split systems. Similar 

to the heat pump SEER values, most projects during the 2013 and 2016 cycles were 

exactly at the Title 24, Part 6 code minimum HSPF requirement for split systems. Higher 

HSPF values than required did not necessarily result in a higher space heating 

compliance margin.  
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Figure 8: HSPF of electric heating systems by Title 24 code cycle.  

Source: Project Based Data. 

3.1.2.2 Market Availability 

The Statewide CASE Team reviewed the product availability of split heat pumps, 

PTHPs, and VRF systems relative to federal and state required minimum efficiency 

levels. To review product availability of split heat pumps and packaged terminal heat 

pumps, the Statewide CASE Team used the Modernized Appliance Efficiency Database 

System (MAEDbS), which shows appliances compliant under Title 20. Since VRF 

systems were not listed in the MAEDbS, the Statewide CASE Team collected VRF 

system information from manufacturer websites. About 95 percent of split heat pumps 

and PTHP and about 80 percent of VRF systems were at or above federal minimum 

efficiency levels indicating considerable market availability of higher efficiency products 

if desired.  

Detailed product availability analysis is provided in Appendix G. In summary: 

¶ Air source split heat pump: The Statewide CASE Team reviewed split heat pumps 

that were added to the MAEDbS on or after January 1st, 2015 (the last update to 

the federal minimum efficiency for split heat pump systems). There were 18 

manufacturers with a total of 268 models in the California market. The five 

manufacturers that had the most models listed were: Carrier Corporation, Nortec 
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Global HVAC, Midea Group, Johnson Controls International PLC and Rheem 

Manufacturing Company. All split heat pumps had a cooling capacity of less than 

65,000 Btu/h, which has a federal minimum efficiency requirement of SEER at 

14.0 and HSPF at 8.2. Nineteen percent of the models available were just 

meeting federal minimum efficiency, and 23 percent of the models have SEER 

16.2 and HSPF 8.5 or better. 

¶ PTHP: The Statewide CASE Team reviewed PTHPs added to the MAEDbS on or 

after October 8th, 2012 (the latest updated to the federal minimum efficiency for 

PTHPs). There were 10 manufacturers of this subset of PTHPs. The five 

manufacturers that had the most models available were: Gree Comfort, Midea 

Group, GE Appliances, Sharp Electronics and Chigo Electrical Appliances. Five 

percent of the models available were just meeting federal minimum efficiency, 

and less than one percent of the models had both EER and COP 15 percent 

higher than federal minimum efficiency requirement.  

¶ VRF: The Statewide CASE Team reviewed VRF systems with heating provided 

by either heat recovery or heat pump. The Statewide CASE Team looked at five 

manufacturers ï Carrier Corporation, Daikin North America LLC, Mitsubishi 

Electric Trane HVAC US LLC, Johnson Controls International plc, and Lenox 

International Incorporated. Eight percent of heat pump models and two percent of 

heat recovery models available were just meeting federal minimum efficiency, 

and six percent of both heat pump and heat recovery models had both EER and 

COP 15 percent higher than federal minimum efficiency requirement.  

3.1.3 Market Impacts and Economic Assessments 

For the 2022 code cycle, the Statewide CASE Team used the IMPLAN model software, 

along with economic information from published sources, and professional judgement to 

develop estimates of the economic impacts associated with each proposed code 

changes.2 While this is the first code cycle in which the Statewide CASE Team 

developed estimates of economic impacts using IMPLAN, it is important to note that the 

economic impacts developed for this report are only estimates and are based on limited 

and to some extent speculative information. In addition, the IMPLAN model provides a 

relatively simple representation of the California economy and, though the Statewide 

CASE Team is confident that the direction and approximate magnitude of the estimated 

economic impacts are reasonable, it is important to understand that the IMPLAN model 

is a simplification of extremely complex actions and interactions of individual, 

 
2 IMPLAN (Impact Analysis for Planning) software is an input-output model used to estimate the economic 

effects of proposed policies and projects. IMPLAN is the most commonly used economic impact model 

due to its ease of use and extensive detailed information on output, employment, and wage information. 
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businesses, and other organizations as they respond to changes in energy efficiency 

codes. In all aspect of this economic analysis, the CASE Authors rely on conservative 

assumptions regarding the likely economic benefits associated with the proposed code 

change. By following this approach, the Statewide CASE Team believes the economic 

impacts presented below represent lower bound estimates of the actual impacts 

associated with this proposed code change.  

Adoption of this code change proposal would result in relatively modest economic 

impacts through the additional direct spending by those in the residential building and 

remodeling industry, as well as indirectly as residents spend all or some of the money 

saved through lower utility bills on other economic activities. There may also be some 

nonresidential customers that are impacted by this proposed code change; however, 

the Statewide CASE Team does not anticipate such impacts to be materially important 

to the building owner and would have measurable economic impacts. 

3.1.3.1 Impact on Builders 

Builders of residential and commercial structures are directly impacted by many of the 

measures proposed by the Statewide CASE Team for the 2022 code cycle. It is within 

the normal practices of these businesses to adjust their building practices to changes in 

building codes. When necessary, builders engage in continuing education and training 

in order to remain compliant with changes to design practices and building codes.  

Californiaôs construction industry is comprised of about 80,000 business establishments 

and 860,000 employees (see Table 7).3 In 2018, total payroll was $80 billion. Nearly 

60,000 of these business establishments and 420,000 employees are engaged in the 

residential building sector.  

Table 7: California Construction Industry, Establishments, Employment, and 
Payroll 

Construction Sectors Establishments Employment Annual 
Payroll  

(billions $) 

Residential 59,287 420,216 $23.3 

Residential Building Construction Contractors 22,676 115,777 $7.4 

Foundation, Structure, & Building Exterior 6,623 75,220 $3.6 

Building Equipment Contractors 14,444 105,441 $6.0 

Building Finishing Contractors 15,544 123,778 $6.2 

Source: (State of California, Employment Development Department n.d.) 

 
3 Average total monthly employment in California in 2018 was 18.6 million; the construction industry 

represented 4.5 percent of 2018 employment. 
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The proposed change to electric HVAC systems would likely affect residential builders 

but would not impact firms that focus on construction and retrofit of industrial buildings, 

utility systems, public infrastructure, or other heavy construction. The effects on the 

residential building industry would not be felt by all firms and workers, but rather would 

be concentrated in specific industry subsectors. Table 8 shows the residential building 

subsectors the Statewide CASE Team expects to be impacted by the changes 

proposed in this report. The Statewide CASE Teamôs estimates of the magnitude of 

these impacts are shown in Section 3.1.4 Economic Impacts. 

Table 8: Size of the California Residential Building Industry by Subsector 

Residential Building Subsector Establishments Employment Annual 
Payroll  

(billions $) 

New multifamily general contractors 406 5,333 $0.5 

Residential Electrical Contractors 6,095 37,933 $2.1 

Residential plumbing and HVAC 
contractors 

8,086 66,177 $3.8 

Other Residential Equipment 
Contractors 

263 1,331 $0.1 

Source: (State of California, Employment Development Department n.d.) 

3.1.3.2 Impact on Building Designers and Energy Consultants 

Adjusting design practices to comply with changing building codes is within the normal 

course of business for building designers. Building codes (including Title 24, Part 6) are 

typically updated on a three-year revision cycle and building designers and energy 

consultants engage in continuing education and training in order to remain compliant 

with changes to design practices and building codes.  

Businesses that focus on residential, commercial, institutional, and industrial building 

design are contained within the Architectural Services sector (North American Industry 

Classification System 541310). Table 9: California Building Designer and Energy 

Consultant Sectors shows the number of establishments, employment, and total annual 

payroll for Building Architectural Services. The proposed code changes would 

potentially impact all firms within the Architectural Services sector. The Statewide CASE 

Team anticipates the impacts for electric HVAC systems to affect firms that focus on 

multifamily construction.  
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There is not a North American Industry Classification System (NAICS)4 code specific for 

energy consultants. Instead, businesses that focus on consulting related to building 

energy efficiency are contained in the Building Inspection Services sector (NAICS 

541350), which is comprised of firms primarily engaged in the physical inspection of 

residential and nonresidential buildings.5 It is not possible to determine which business 

establishments within the Building Inspection Services sector are focused on energy 

efficiency consulting. The information shown in Table 9 provides an upper bound 

indication of the size of this sector in California.   

Table 9: California Building Designer and Energy Consultant Sectors 

Sector Establishments Employment Annual Payroll  
(billions $) 

Architectural Services a 3,704 29,611 $2.91 

Building Inspection Services b 824 3,145 $0.22 

Source: (State of California, Employment Development Department n.d.) 

a. Architectural Services (NAICS 541310) comprises private-sector establishments primarily engaged 
in planning and designing residential, institutional, leisure, commercial, and industrial buildings and 
structures;  

b. Building Inspection Services (NAICS 541350) comprises private-sector establishments primarily 
engaged in providing building (residential & nonresidential) inspection services encompassing all 
aspects of the building structure and component systems, including energy efficiency inspection 
services. 

3.1.3.3 Impact on Occupational Safety and Health 

The proposed code change does not alter any existing federal, state, or local 

regulations pertaining to safety and health, including rules enforced by the California 

Division of Occupational Safety and Health (Cal/OSHA). All existing health and safety 

rules would remain in place. Complying with the proposed code change is not 

 
4 NAICS is the standard used by Federal statistical agencies in classifying business establishments for 

the purpose of collecting, analyzing, and publishing statistical data related to the U.S. business economy. 

NAICS was development jointly by the U.S. Economic Classification Policy Committee (ECPC), Statistics 

Canada, and Mexico's Instituto Nacional de Estadistica y Geografia, to allow for a high level of 

comparability in business statistics among the North American countries. NAICS replaced the Standard 

Industrial Classification (SIC) system in 1997. 

5 Establishments in this sector include businesses primarily engaged in evaluating a buildingôs structure 

and component systems and includes energy efficiency inspection services and home inspection 

services. This sector does not include establishments primarily engaged in providing inspections for 

pests, hazardous wastes or other environmental contaminates, nor does it include state and local 

government entities that focus on building or energy code compliance/enforcement of building codes and 

regulations.  
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anticipated to have adverse impacts on the safety or health of occupants or those 

involved with the construction, commissioning, and maintenance of the building.  

3.1.3.4 Impact on Building Owners and Occupants (Including Homeowners and 
Potential First-Time Homeowners) 

According to data from the U.S. Census, American Community Survey (ACS), there 

were nearly 14.3 million housing units in California in 2018 and nearly 13.1 million were 

occupied (see Table 10). Most housing units (nearly 9.2 million were single-family 

homes (either detached or attached), while about 2 million homes were in building 

containing two to nine units and 2.5 million were in multi-family building containing 10 or 

more units. The U.S. Census reported that 59,200 single-family and 50,700 multifamily 

homes were constructed in 2019.  

Table 10: California Housing Characteristics 

Housing Measure Estimate 

Total housing units 14,277,867 

Occupied housing units 13,072,122 

Vacant housing units 1,205,745 

Homeowner vacancy rate 1.2% 

Rental vacancy rate 4.0% 

Units in Structure Estimate 

1-unit, detached 8,177,141 

1-unit, attached 1,014,941 

2 units 358,619 

3 or 4 units 783,963 

5 to 9 units 874,649 

10 to 19 units 742,139 

20 or more units 1,787,812 

Mobile home, RV, etc. 538,603 

Source: (2018 American Community Survey n.d.) 

Table 11 shows the distribution of California homes by vintage. About 15 percent of 

California homes were built in 2000 or later and another 11 percent built between 1990 

and 1999. The majority of Californiaôs existing housing stock (8.5 million homes ï 59 

percent of the total) were built between 1950 and 1989, a period of rapid population and 

economic growth in California. Finally, about 2.1 million homes in California were built 

before 1950. According to Kenney et al, 2019, more than half of Californiaôs existing 

multifamily buildings (those with five or more units) were constructed before 1978 when 

there no building energy efficiency standards (Kenney 2019). 
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Table 11: Distribution of California Housing by Vintage 

Home Vintage Units Percent Cumulative 
Percent 

Built 2014 or later 343,448 2.4% 2.4% 

Built 2010 to 2013 248,659 1.7% 4.1% 

Built 2000 to 2009 1,553,769 10.9% 15.0% 

Built 1990 to 1999 1,561,579 10.9% 26.0% 

Built 1980 to 1989 2,118,545 14.8% 40.8% 

Built 1970 to 1979 2,512,178 17.6% 58.4% 

Built 1960 to 1969 1,925,945 13.5% 71.9% 

Built 1950 to 1959 1,896,629 13.3% 85.2% 

Built 1940 to 1949 817,270 5.7% 90.9% 

Built 1939 or earlier 1,299,845 9.1% 100.0% 

Total housing units 14,277,867 100%   

Source: (2018 American Community Survey n.d.) 

Table 12 shows the distribution of owner- and renter-occupied housing by household 

income. Overall, about 55 percent of California housing is owner-occupied and the rate 

of owner-occupancy generally increases with household income. The owner-occupancy 

rate for households with income below $50,000 is only 37 percent, whereas the owner 

occupancy rate is 72 percent for households earning $100,000 or more. 

Table 12: Owner- and Renter-Occupied Housing Units in California by Income 

Household Income Total Owner Occupied Renter Occupied 

Less than $5,000 391,235 129,078 262,157 

$5,000 to $9,999 279,442 86,334 193,108 

$10,000 to $14,999 515,804 143,001 372,803 

$15,000 to $19,999 456,076 156,790 299,286 

$20,000 to $24,999 520,133 187,578 332,555 

$25,000 to $34,999 943,783 370,939 572,844 

$35,000 to $49,999 1,362,459 590,325 772,134 

$50,000 to $74,999 2,044,663 1,018,107 1,026,556 

$75,000 to $99,999 1,601,641 922,609 679,032 

$100,000 to $149,999 2,176,125 1,429,227 746,898 

$150,000 or more 2,780,761 2,131,676 649,085 

Total Housing Units 13,072,122 7,165,664 5,906,458 

Median household income $75,277 $99,245 $52,348 

Source: (2018 American Community Survey n.d.) 

Understanding the distribution of California residents by home type, home vintage, and 

household income is critical for developing meaningful estimates of the economic 
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impacts associated with proposed code changes affecting residents. Many proposed 

code changes specifically target single-family or multifamily residences and so the 

counts of housing units by building type shown in Table 10 provides the information 

necessary to quantify the magnitude of potential impacts. Likewise, impacts may differ 

for owners and renters, by home vintage, and by household income, information 

provided in Table 11 and Table 12.   

3.1.3.5 Impact on Building Component Retailers (Including Manufacturers and 
Distributors) 

The Statewide CASE Team anticipates the proposed change would have no material 

impact on California component retailers.  

3.1.3.6 Impact on Building Inspectors  

Table 13 shows employment and payroll information for state and local government 

agencies in which many inspectors of multifamily buildings are employed. Building 

inspectors participate in continuing training to stay current on all aspects of building 

regulations, including energy efficiency. The Statewide CASE Team, therefore, 

anticipates the proposed change would have no impact on employment of building 

inspectors or the scope of their role conducting energy efficiency inspections.  

Table 13: Employment in California State and Government Agencies with Building 
Inspectors 

Sector Govt. Establishments Employment Annual Payroll  
(millions $) 

Administration of 
Housing Programsa 

State 17 283 $29.0 

Local 36 2,882 $205.7 

Urban and Rural 
Development Adminb 

State 35 552 $48.2 

Local 52 2,446 $186.6 

Source: (State of California, Employment Development Department n.d.) 

a. Administration of Housing Programs (NAICS 925110) comprises government establishments 
primarily engaged in the administration and planning of housing programs, including building codes 
and standards, housing authorities, and housing programs, planning, and development. 

b. Urban and Rural Development Administration (NAICS 925120) comprises government 
establishments primarily engaged in the administration and planning of the development of urban 
and rural areas. Included in this industry are government zoning boards and commissions. 

3.1.3.7 Impact on Statewide Employment 

As described in Sections 3.1.3.1 through 3.1.3.6, the Statewide CASE Team does not 

anticipate significant employment or financial impacts to any particular sector of the 

California economy. This is not to say that the proposed change would not have modest 

impacts on employment in California. In Section 3.1.4, the Statewide CASE Team 
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estimated the proposed change in electric HVAC systems would affect statewide 

employment and economic output directly and indirectly through its impact on builders, 

designers and energy consultants, and building inspectors. In addition, the Statewide 

CASE Team estimated how energy savings associated with the proposed change in 

electric HVAC systems would lead to modest ongoing financial savings for California 

residents, which would then be available for other economic activities.  

3.1.4 Economic Impacts 

3.1.4.1 Creation or Elimination of Jobs 

The Statewide CASE Team does not anticipate that the measures proposed for the 

2022 code cycle regulation would lead to the creation of new types of jobs or the 

elimination of existing types of jobs. In other words, the Statewide CASE Teamôs 

proposed change would not result in economic disruption to any sector of the California 

economy. Rather, the estimates of economic impacts discussed in Section 3.1.4 would 

lead to modest changes in employment of existing jobs.  

3.1.4.2 Creation or Elimination of Businesses in California 

As stated in Section 3.1.4.1, the Statewide CASE Teamôs proposed change would not 

result in economic disruption to any sector of the California economy. The proposed 

change represents a modest change to HVAC systems, which would not excessively 

burden or competitively disadvantage California businesses ï nor would it necessarily 

lead to a competitive advantage for California businesses. Therefore, the Statewide 

CASE Team does not foresee any new businesses being created, nor does the 

Statewide CASE Team think any existing businesses would be eliminated due to the 

proposed code changes.  

3.1.4.3 Competitive Advantages or Disadvantages for Businesses in California 

The proposed code changes would apply to all businesses incorporated in California, 

regardless of whether the business is located inside or outside of the state.6 Therefore, 

the Statewide CASE Team does not anticipate that these measures proposed for the 

2022 code cycle regulation would have an adverse effect on the competitiveness of 

California businesses. Likewise, the Statewide CASE Team does not anticipate 

businesses located outside of California would be advantaged or disadvantaged. 

 
6 Gov. Code, ÄÄ 11346.3(c)(1)(C), 11346.3(a)(2); 1 CCR Ä 2003(a)(3) Competitive advantages or 

disadvantages for California businesses currently doing business in the state. 
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3.1.4.4 Increase or Decrease of Investments in the State of California 

The Statewide CASE Team analyzed national data on corporate profits and capital 

investment by businesses that expand a firmôs capital stock (referred to as net private 

domestic investment, or NPDI).7 As Table 14 shows, between 2015 and 2019, NPDI as 

a percentage of corporate profits ranged from 26 to 35 percent, with an average of 31 

percent. While only an approximation of the proportion of business income used for net 

capital investment, the Statewide CASE Team believes it provides a reasonable 

estimate of the proportion of proprietor income that would be reinvested by business 

owners into expanding their capital stock. 

Table 14: Net Domestic Private Investment and Corporate Profits, U.S. 

Year Net Domestic Private 
Investment by Businesses, 

Billions of Dollars 

Corporate Profits 
After Taxes, Billions 

of Dollars 

Ratio of Net Private 
Investment to 

Corporate Profits 

2015 609.3 1,740.4 35% 

2016 456.0 1,739.8 26% 

2017 509.3 1,813.6 28% 

2018 618.3 1,843.7 34% 

2019 580.9 1,827.0 32% 

  5-Year Average 31% 

Source: (Federal Reserve Economic Data n.d.) 

The Statewide CASE Team does not anticipate that the economic impacts associated 

with the proposed measure would lead to significant change (increase or decrease) in 

investment in any directly or indirectly affected sectors of Californiaôs economy.  

3.1.4.5 Effects on the State General Fund, State Special Funds, and Local 
Governments 

The Statewide CASE Team does not expect the proposed code changes would have a 

measurable impact on the Californiaôs General Fund, any state special funds, or local 

government funds. 

3.1.4.6 Impacts on Specific Persons 

While the objective of any of the Statewide CASE Teamôs proposal is to promote energy 

efficiency, the Statewide CASE Team recognizes that there is the potential that a 

proposed code change may result in unintended consequences. 

 
7 Net private domestic investment is the total amount of investment in capital by the business sector that 

is used to expand the capital stock, rather than maintain or replace due to depreciation. Corporate profit is 

the money left after a corporation pays its expenses.  
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3.2 Electric DHW Systems 

3.2.1 Market Structure 

The Statewide CASE Team performed a market analysis that covers both residential 

size HPWH products that can be used for clustered design and commercial size HPWH 

units for central system design. The heat pump water heating market in California is 

currently in a state of rapid growth and development. The main market actors include 

architects, building owners/developers, contractors, equipment manufacturers, design 

engineers, and energy consultants. 

¶ Architects ï Architects design the buildings and plan for the spaces where 

central HPWH systems are installed. Decisions made by architects on the size 

and location of mechanical/plumbing areas, as well as other aspects of building 

layout, can significantly impact the feasibility of central HPWH systems. For 

example, insufficient space for central HPWH storage tanks would mean the 

system would need more heat pumps, increasing system cost. Locating the hot 

water system on the roof versus on the ground floor may require increased 

structural requirements to support large storage tanks. 

¶ Building owners/developers ï Owners and developers are the ultimate 

decision-makers on the type of systems that go into their buildings. For an 

emerging technology like central HPWH system to become widely adopted, 

owners and developers must become acquainted with it and feel confident that 

the systems will perform in order to make the investment.  

¶ Design engineers: Design engineers (generally plumbing engineers) are 

responsible for designing plumbing systems, including central HPWH. As of 

December 2019, 24 local jurisdictions have adopted local ordinances that 

encourage or require the use of electric water heating in residential and/or 

nonresidential applications. These professionals need to follow reach code 

requirements and would need to learn how energy-efficient and cost-effective 

design of central HPWH systems differs from that of traditional gas-fired DHW 

systems. 

¶ Manufacturers ï Equipment manufacturers develop, market, and sell central 

HPWH equipment. For central HPHW to be widely adopted, these companies 

would need to increase production, California distribution, and support for central 

HPWH equipment. 

¶ Manufacturerôs reps ï Manufacturerôs reps provide local design, installation, 

and commissioning assistance for equipment manufactures not located in 

California. These companies would need to increase their familiarity with the 
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particular considerations of central HPWH systems to support wider adoption of 

these systems. 

¶ Contractors ï Central HPWH equipment is usually installed by the plumbing 

contractor, with some coordination by a general contractor. After installation, 

depending on the type of work, maintenance and repairs of central HPWH 

equipment may need to be performed by an HVAC contractor, or other 

professional licensed to work with refrigerant-containing components. 

¶ Energy consultants ï Energy consultants both complete energy code-

compliance modeling and advise design teams on improved design approaches. 

These professionals would need to learn how the design and modeling of central 

HPWH systems is different from gas-based DHW systems so that they can 

appropriately advise design teams and accurately model the systems for code-

compliance. Note that there are current local reach codes that already require all-

electric construction and so energy consultants are likely to be aware of the 

compliance options for electric systems.  

In addition to traditional market actors, because central HPWH is a growing market, 

state and local government bodies and agencies with regulatory and program 

activities play an important role in the direction, pace, and rules around central 

HPWHôs adoption. These market actors and their activities are listed below.  

¶ Investor-owned utilities: The Statewide Utility Codes and Standards Team is 

funding the lab-testing of central HPWH equipment to help the Energy 

Commission develop performance curves and algorithms to accurately model the 

performance of central HPWH equipment. IOUs also provide educational classes 

at venues such as the PG&E Pacific Energy Center in San Francisco, and the 

SCE Energy Education Center in Irwindale. These education centers, along with 

online educational resources, would be critical to ensuring all market actors have 

access to training on best practices and approaches to central HPWH systems.  

¶ Program implementers: Community choice aggregators (CCAs) and 

municipal utilities (Munis) have been some of the earliest actors to create 

incentives and programs to assist developers in design and installation of central 

HPWH systems. Examples of these organizations that have created programs to 

assist with central HPWH are East Bay Community Energy (EBCE) and the 

Sacramento Municipal Utility District (SMUD). IOUs and Regional Energy 

Networks (RENs), can offer ratepayer-funded incentives for central HPWH retrofit 

projects that involve fuel substitution, subject to the California Public Utility 

Commissionôs (CPUCôs) Fuel Substitution Test. Other entities, such as the Bay 

Area Air Quality Management District (BAAQMD) and South Coast Air Quality 

Management District (SCAQMD) are creating programs offering non-ratepayer-
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funded incentives for replacing gas equipment with heat pump technology, 

including central HPWH, to reduce local air pollution. 

¶ Researchers: Research groups are studying the design and performance 

aspects of central HPWH systems and are helping to inform new industry 

standards and best practices for design and operation of these systems. 

Examples of such groups are the Northwest Energy Efficiency Alliance (NEEA) 

and some Energy Commission-funded Electric Program Investment Charge 

(EPIC) research program, such as that under Grant Funding Opportunity (GFO) 

15-308, led by Build It Green, studying design and implementation of central 

HPWH systems in affordable multifamily buildings. 

¶ State regulatory agencies: State regulatory agencies like the Energy 

Commission and CPUC create and maintain the rules that govern the installation 

and incentives for central HPWH systems. New and updated policies from these 

agencies, such as the CPUCôs revision of the three-Prong Test to the Fuel 

Substitution Test, have the potential to help move the market in the direction of 

energy efficient low-carbon systems like central HPWH. 

¶ Local governments: Local governments in jurisdictions such as San Jose, 

Berkeley, San Luis Obispo, and Carlsbad have passed electric-favoring reach 

codes and/or gas bans for new construction that would accelerate the adoption of 

central HPWH systems. Some local governments are also putting on public 

awareness and industry education campaigns to make people in their community 

more aware of and comfortable with central HPWH and other all-electric 

technologies.  

3.2.2 Technical Feasibility, Market Availability, and Current Practices 

3.2.2.1 Current Practice 

A Central HPWH Symposium held at Sacramento Municipal Utility District (SMUD) in 

December 2018 developed group consensus on the following: 

¶ Central HPWH design is not simple, and there is insufficient design guidance on 

the market. Energy savings are possible when compared to gas DHW system, 

but not guaranteed. 

¶ Several field installations and monitoring studies are underway by Ecotope, 

Bright Power, Build it Green, and Association for Energy Affordability (AEA). Best 

practices are currently being identified but are dependent on further testing. 

¶ At the time of the symposium, there was no compliance pathway for central 

HPWH with a recirculation loop other than the exceptional calculation method for 

Energy Commission Executive Director approval. Spreadsheet calculations are 
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often used to demonstrate savings, or simply modeling Central HPWH equal to 

the Prescriptive/Standard Design, so that there is no penalty or credit in the 

performance compliance per Energy Commission software support staff 

guidance. 

Central HPWH is a relatively new design approach with fewer than 100 installations in 

the state,8 and no standardized design guidelines exist to ensure appropriate design. 

The Statewide CASE Team gathered the following information from various on-going 

research efforts, described in more detail later in this section: 

¶ HPWH model selection and sizing in different climates. 

¶ Tank sizing and piping configurations that lead to beneficial stratification. 

¶ Control methods to maintain supply water temperature, minimize electric 

resistance usage when present, reduce cycling, and optimize defrosting. 

¶ Location within the building and distribution piping, including impact on space 

heating and cooling loads. 

Multiple, ongoing efforts are underway to support the incorporation of a prescriptive 

central HPWH pathway in Title 24, Part 6. The Statewide CASE Team leveraged and 

integrated the latest findings and results from these efforts into this report:  

¶ Recirculation loop modeling: In January 2019, a research version of CBECC-

Res was released that included modeling of central HPWH systems. However, 

these systems were only allowed to be modeled without a recirculation loop or 

pumps (i.e., supply pipe only). While this is a step forward for integrating central 

heat pump water heaters, it does not address a large part of the multifamily 

market that installs central DHW with recirculation pumps. In March 2020, the 

Energy Commission Software Development Team, with inputs and contributions 

from the Statewide Investor-owned Utility (IOU) Codes and Standards (C&S) 

program, released a CBECC-Res version that has incorporated recirculation 

loops. This release has the capability to model one HPWH model for central 

DHW system, and able to incorporate primary storage tank and recirculation loop 

tank. 

¶ Performance testing of central HPWH components: The Statewide IOU C&S 

program is conducting lab testing of central HPWH at PG&Eôs Applied 

Technology Services (ATS) test facility. The Statewide CASE Team worked with 

the PG&E ATS laboratory to ensure that lab test plans consider criteria 

necessary for code integration, including a variety of climatic conditions, different 

multifamily building sizes and draw profiles, and documentation of hourly energy 

impacts to be translated into TDV or time dependent metrics. Test results will not 

 
8 Statewide CASE Teamôs professional judgement based on available data. 
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be released in time for incorporation in this report. 

¶ Best practices design guides: In a parallel effort to the performance testing, the 

Statewide IOU C&S program is developing a best practices design guide for 

central HPWH. This remains a living document, and it is dependent on the 

outcomes of the performance testing. A best practice design guide is crucial for 

central HPWH because an improper design can reduce heat pump efficiency and 

increase energy consumption unnecessarily. 

The Statewide CASE Team collected data on design, configuration, and savings from 

existing projects in California and Washington State with central heat pump water 

heating. Northwest Energy Efficiency Alliance (NEEA) has rated several models of heat 

pump water heaters and developed tiered specifications (e.g., Tier 3) representing the 

relative performance of these water heaters. The Statewide CASE Team has used this 

body of knowledge and methods to inform code development for central HPWH 

systems. 

In December 2019, discussions between the Energy Commission and policy advocates 

led the Energy Commission to provide a critical ñbridge solutionò available on January 1, 

2020 (California Energy Commission 2019). This solution allows for an Energy 

Commission Executive Director determination for specific central HPWH designs to 

comply prescriptively, meaning there is no credit for higher performance, but there is a 

compliance pathway as of January 1, 2020. This bridge solution removes a critical 

design impediment and enables easier implementation for local jurisdictions 

implementing all-electric reach codes. For the longer term, this CASE Report provides a 

clear compliance pathway for central HPWH with recirculation and enables plumbing 

designers to exercise design choices according to actual equipment and locational 

constraints rather than modelling constraints. 

In the last five years, several new construction projects have utilized central HPWH 

systems that serve as useful case studies. In addition to new construction installations, 

there have been HPWH system installations in multifamily retrofit projects under the 

Low Income Weatherization Program for Large Multifamily Buildings, administered by 

California Community Services Division. These projects have demonstrated the viability 

of central HPWH, even in challenging retrofit circumstances. 

The Statewide CASE Team is aware of 13 properties with installed and operational 

central HPWH systems, as of January 2020 as shown in Table 15, with many more in 

various stages of design and construction to be completed in 2020 and 2021. Data 

sources include projects from AEA, Frontier Energy, Redwood Energy, EHDD, Gabel 

Energy, Build it Green, and Mithun.  
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Table 15: Examples of Multifamily Properties with Operational Central HPWH 
Systems  

Property 
Location 

Dwelling 
Units 

New Construction/ 
Retrofit 

System Type # Central 
HPWH 
Plants 

HPWH 
Manufactu
rer 

Davis 108 New Construction unknown 9 unknown 

Davis 591 New Construction unknown 5 unknown 

Davis 90 New Construction unknown 6 unknown 

Fresno 93 Retrofit Single-Pass 12 Sanden 

Napa 50 New Construction Multi-Pass 1 Colmac 

Oakley 24 Retrofit Single-Pass 1 Colmac 

Richmond  324 Retrofit Single-Pass 26 Sanden 

Rodeo 50 Retrofit Single-Pass 1 Colmac 

Sunnyvale 66 New Construction Single-Pass 1 Sanden 

Sacramento 36 Retrofit Single-Pass 1 Sanden 

San 
Francisco 

333 New Construction Multi-Pass 1 Nyle 

San 
Francisco 

41 Retrofit Single-Pass 1 Sanden 

Walnut Creek 46 New Construction Single-Pass 2 Sanden 

Central HPWH is still relatively uncommon in California, though adoption is accelerating 

rapidly. Several factors contributed to the limited historical adoption of central HPWH in 

California. These include: 

¶ Title 24 Code Compliance Pathways: Until 2020, there was no prescriptive 

compliance pathway for central HPWH. Since the Energy Commission 

transitioned Title 24, Part 6 code compliance software from the DOE2 engine to 

CBECC-Res and CBECC-Com in 2016, it has not been possible to model central 

HPWH systems for performance compliance. Lack of modeling capability 

prevented central HPWH from inclusion in performance-based above-code 

incentive programs and meant that any project wishing to pursue central HPWH 

would need to use an alternative compliance methodology as allowed by the local 

jurisdiction. 

¶ Product Availability and Awareness: There has historically been poor 

availability and awareness of central HPWH equipment in California. Multiple 

interviewed central HPWH practitioners expressed a desire for more robust 

design assistance and/or plug-and-play configurations with heat pump and tank to 

reduce engineering burden and potential installation issues. 

¶ CPUC Three-Prong Test: Since the 1990s, the CPUC has required that any 

ratepayer-funded project that involved switching from one regulated fuel to 

another (such as gas to electricity, or vice versa) pass the Three-Prong Test. 



 

2022 Title 24, Part 6 Final CASE Report ï 2022-MF-DHW-F | 73 

While the Three-Prong Test made sense at the time it was put in place, it has 

severely limited fuel substitution projects funded through the stateôs energy 

efficiency programs over the last two decades, even with rapid improvements in 

the efficiency of heat pump technology and the stateôs transition to carbon 

reduction goals. 

In August of 2019, the CPUC voted unanimously to replace the Three-Prong Test 

(discussed in Section 3.2.1.4) with the Fuel Substitution Test. This new test 

effectively opens up Californiaôs one billion dollars in ratepayer-funded efficiency 

programs to fuel substitution measures. While the specifics of implementation are 

still being worked out, it is extremely likely that 2020 will see the first retrofit 

installations of central HPWH systems to replace gas-fired water heating under 

ratepayer-funded efficiency programs. 

¶ Low Cost of Natural Gas: Gas has been widely available to owners and 

developers across most regions of California and is the default choice for water 

heating in many areas of the state. While on a per-energy content basis gas it is 

cheaper than electricity almost everywhere in the state, heat pumps can achieve 

significantly higher efficiency than that of central gas-fired water heating, 

particularly when renewable systems are included. 

¶ General Resistance to Change: Even with available equipment, compliance 

pathways, knowledge of environmental benefits, and improving market awareness 

of design strategies, there is still general resistance to change within the building 

development, design, and construction industry. The Statewide CASE Team and 

the practitioners they interviewed, have had many discussions with reluctant 

design and construction teams who, when asked why they have not used central 

heat pump water heating, replied that it was simply not standard practice. 

Despite central HPWH being a new approach in California, the technologies involved 

are not new. Heat pumps have been installed for space heating and cooling for 

decades, and hot water tanks and pumps are not significantly different for central 

HPWH. From an installerôs perspective, there should be no new installation techniques 

required for central HPWH that are not already required for other systems, such as gas 

water heating, or HVAC heat pumps, though for proper system performance, designers 

and installers must follow manufacturersô guidance.  

There has been an increasing movement in the building design and construction 

industry toward decarbonization, or the direct targeting of GHG emissions reductions 

from buildings, rather than the traditional focus just on energy efficiency. As a result, 

2019 saw many jurisdictions in California begin to pass building electrification policies. 

Policies like these are sending a strong market signal that all-electric new construction 

is a priority for California cities. This clear policy direction should in turn give equipment 
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manufacturers confidence that there will be sufficient demand for central HPWH 

products in California to justify investing the time and resources required to bring new 

products to the California market. 

3.2.2.2 Technical Feasibility 

To review current practices of electric DHW systems, the Statewide CASE Team 

reviewed buildings with electric DHW systems from the Project Based Data provided by 

stakeholders9 .  

There were eighty-six buildings with an electric DHW system. Buildings either used a 

heat pump or electric storage DHW system with the majority (80) of systems using a 

heat pump. Since electric storage DHW system is less energy efficient, the market 

analysis focused on heat pump water heater systems. Figure 9 shows distribution types 

of the heat pump water heater systems installed in these projects.  

 

Figure 9: DHW distribution types of heat pump water heater systems. 

Source: Project Based Data. 

Stakeholder interviews suggested that project budget, space availability for DHW 

storage, building size, technical feasibility, and operation and maintenance cost are the 

main determining factors of DHW system types.  

 
9 Project information was collected using a combination of the following approaches: interview, survey, 

design drawing review and Title 24 compliance document review. Data source include projects from 

Association for Energy Affordability (AEA), Frontier Energy, Redwood Energy, EHDD, Gabel Energy, 

Build it Green, Mithun, CMFNH program. Note that this is a biased dataset as most projects are in 

Northern California. 



 

2022 Title 24, Part 6 Final CASE Report ï 2022-MF-DHW-F | 75 

Individual HPWH systems are most common in low-rise buildings. Compared to central 

and clustered design approaches, the market is more mature for this type of design in 

terms of familiarity by the industry, and code readiness. There is a prescriptive pathway 

in 2019 Title 24, Part 6 for such designs to show compliance. However, individual 

HPWH systems, like individual gas hot water systems, are not common for larger size 

buildings due to increased installation, operation and maintenance costs associated 

with individual systems. Clustered design includes four-eight water heaters serving 

multiple units without using recirculation loop.  

Central system design is the preferred approach as the number of dwelling units served 

by the DHW system increased. The following sections describe technical considerations 

and best practices associated with the design and installation of central HPWH 

systems.  

3.2.2.2.1 Design and Sizing of Central HPWH Systems 

Central HPWH system designers and consultants interviewed by the Statewide CASE 

Team report that sizing a hot water system is an inexact exercise. Most designers rely 

on sizing guidelines from the American Society of Plumbing Engineers (ASPE) or 

American Society of Heating, Refrigeration, and Air Conditioning Engineers (ASHRAE), 

which are based on hot water usage data collected in the 1990s. Further research and 

field surveys of hot water usage patterns could greatly benefit the industry and help 

designers avoid oversizing, improving the cost effectiveness of hot water systems 

broadly. 

Larger capacity HPWHs are nearly all split-type, with the tank separate from the heat 

pump. With few exceptions, the larger HPWH equipment most suitable for applications 

in central HPWH systems is configured as standalone heat pumps, with a separate tank 

sized and specified by the design engineer. Most central HPWH manufacturers (or their 

reps) can assist a design team in specifying a storage tank, but there are few turnkey 

solutions for central HPWH. This is in contrast to gas-fired DHW systems where many 

commercial and multifamily sized water heaters are readily available, and equipment 

and systems can be easily specified and designed with minimal custom engineering 

work. 

One fundamental difference between optimally designed electric heat pump water 

heating systems and gas-fired water heating systems is that a heat pump system will 

have a much larger ratio of storage capacity (gallons) to recovery capacity (Btu/hr). 

Heat pump water heating systems benefit from having larger storage capacity for 

several reasons: 

¶ A central HPWH system with a large storage volume and smaller heat pumps will 

usually have a lower first cost, because tanks are less expensive than heat 

pumps. Smaller heat pump capacity also reduces electrical service and 
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infrastructure requirements for a building, further reducing first-cost impacts. 

¶ Slightly larger tanks and heat pumps could enable load shifting by providing 

sufficient storage to disable the heat pumps during periods of peak electric 

pricing. The slightly larger heat pumps could recharge the tanks more quickly 

during off-peak periods. 

¶ The optimal storage-to-recovery ratio for a central HPWH system will vary from 

project to project and is still a topic of discussion among early-adopters. Thus, 

the Statewide CASE Team is not offering a specific recommendation. 

¶ Buildings that use central HPWH instead of gas-fired water heaters will 

sometimes require a larger electrical service to the building, including panels, 

subpanels, and transformers. This impact can be mitigated by designing a 

system with larger storage volumes and smaller and/or fewer heat pumps. 

To improve storage volume more effectively, most central HPWH systems have storage 

tanks set to 140ÁF or higher and require a mixing valve to mix the hot water down to 

120ÁF before distribution to the building. 

Since there is no combustion in electric heat pump water heating systems, projects will 

have no combustion safety testing requirements for water heating equipment. 

Depending on local fire inspector requirements, eliminating combustion equipment from 

a building may also eliminate other requirements under California Fire Code. 

3.2.2.2.2 Refrigerants 

Central HPWH equipment utilizes a range of refrigerant types, each with different 

properties, advantages, and disadvantages. Central HPWH refrigerant type determines 

the equipmentôs operation, such as incoming cold-water temperature. One of the 

metrics used to differentiate refrigerants is global warming potential (GWP) that, 

measures the environmental destructiveness of the pollutant, as refrigerants are climate 

pollutants. California Air Resources Board (CARB) defines GWP as ñthe total 

contribution to global warming resulting from the emission of one unit of that gas relative 

to one unit of the reference gas, CO2, which is assigned a value of 1ò (California Air 

Resources Board 2019). Refrigerants with very high greenhouse gas (GHG) emitters 

are getting phased out and will not be allowed to be used in new products. Depending 

on how quickly this shift happens in relation to technological development of systems 

with low GWP refrigerant, this could impact central HPWH product availability. 

Refrigerants have different thermodynamic properties, which impact their operation 

pressure, their efficiency to move heat, and other chemical properties. The refrigerant 

can dictate whether electric resistance backup, integrated or otherwise, is needed. A 

given refrigerant can achieve a certain heat transfer rate at an achievable pressure. If 

the heat transfer rate is insufficient under low outdoor temperatures or during certain 
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draw periods (e.g., high total hot water usage), then electric resistance backup heating 

becomes necessary. The refrigerant likewise may be able to operate more efficiently at 

a higher pressure, negating the need for back up electric resistance; however, that 

pressure may not be achievable in the equipmentôs system. Therefore, the properties of 

the refrigerant play a big part in system design and capability. Figure 16 displays 

common refrigerant types for HPWH equipment, their respective GWP, and key 

characteristics.  

Refrigerant R744 (CO2) is both the benchmark of the GWP scale and the lowest GWP 

refrigerant used in HPWHs. Due to R744ôs high operating pressure, heat pump units 

utilizing R744 generally have all refrigerant-containing components factory-installed 

inside the heat pump, whereas units with refrigerants with lower operating pressures 

may have a refrigerant loop between the heat pump and the tank. 

Table 16: Environmental Impacts Potential by Refrigerant Type 

Refrigerant Other Name(s) Global Warming 
Potential (GWP) 

Key Characteristics 

R32 Difluoromethane 675 Similar properties to R410A ï 
likely successor in many 
applications 

R134a Tetrafluoroethane 1,430  

R407C N/A  1,774 Blend of multiple refrigerants; 
replacement for phased-out R22 

R410A Puron 2,090 Widely used in HVAC equipment 

R417A N/A 2,346 Replacement for phased-out R22 

R744 CO2 1 High operating pressures; high 
COP (4+); low minimum OAT (-
15ÁF); high minimum water 
temperature lift (~30ÁF) 

Source: (California Air Resouces Board 2019) 

3.2.2.2.3 Single-Pass vs. Multi-Pass 

A key design feature of a central HPWH system is whether it is piped to be single-pass 

or multi-pass.  

In a single-pass HPWH system, the cold water passes through the heat pump(s) one 

time and is heated to the intended storage temperature. In this type of system, the heat 

pump draws cold water from the bottom of the storage tank and delivers hot water to the 

top of the storage tank, resulting in a highly stratified tank. HPWH equipment that uses 

R744 must be configured as single-pass, since R744 requires a large (20ÁF+) water 

temperature increase through the heat pump. Some R134 and R410A systems can also 

be configured as single-pass.  
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In a single-pass system, recirculation return water (which will be warm) is usually 

returned to the middle or bottom of the storage tank, where the adjacent water is likely 

to be closest to the same temperature. Some designers choose to separate the 

recirculation water entirely from the primary heating loop, returning recirculation water to 

a separate tank that is heated with either a separate heat pump (configured for multi-

pass operation) or an electric resistance coil. Separating the recirculation water from the 

main plant avoids warm incoming water to the main heat pumps, improving their 

efficiency, particularly for R744 systems. This approach has less impact with R410A 

and R134a heat pumps. Figure 10 shows the basic piping configuration of a single-pass 

HPWH system. For simplicity, the multiple possible recirculation return configurations 

are omitted. 

 

Figure 10: Schematic depiction of single-pass HPWH system. 

Source: ECOTOPE  

In a multi-pass HPWH system, the cold water passes through the heat pump(s) multiple 

times, each time gaining a 7-10ÁF temperature increase, until the tank reaches the 

intended storage temperature. In a multi-pass system, the heat pumps draw cold water 

from the bottom third of the storage tank and deliver hot water to just above where it is 

drawn. This piping configuration can still produce a stratified tank, but less so than in a 

single-pass configuration. HPWH equipment that uses R410A, R134a, and refrigerants 

other than R744 can be configured as multi-pass, since they can handle a small water 

temperature lift through the heat pump. Some R134a and R410A systems can be 

configured as either single-pass or multi-pass.  

In a multi-pass system, it is not necessary to separate the recirculation water from the 

main tank, since the heat pumps will frequently receive warm incoming water during 










































































































































































































































































































































































































